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Commissioner for Patents 
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APPELLANT'S RESPONSE TO 
NOTIFICATION OF NON-COMPLIANT APPEAL BRIEF 



Dear Sir: 

This paper responds to the May 31, 2007 Notification of Non-Complaint Appeal Brief 
under 37 C.F.R. 41.37, in which the Appeal Brief filed February 23, 2007 was deemed to be 
defective because, "The brief does not contain copies of the evidence submitted under 37 CFR 
1.130, 1.131., or 1.132 or of any other evidence entered by the examiner and relied upon by 
appellant in the appeal, along with a statement setting forth where in the record that evidence 
was entered by the examiner, as an appendix thereto (37 CFR 41.37( c ) (1) (ix))" and "The 
evidence appendix submitted wit [sic] the appeal brief provided the required statements setting 
froth where in the record that evidence was entered by the examiner. However, the required 
copies of the evidence were not submitted." 
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As required, Appellant hereby submits the required copies, i.e., Items 1-22 cited in the 
Evidence Appendix. 

Appellant believes that the submission of the enclosed copies fully complies with the 
outstanding Notification of Non-Compliant Appeal Brief. 



GERALD K. WHITE & ASSOCIATES, P.C. 
205 W. Randolph Street 
Suite 835 

Chicago, IL 60606 
Phone: (312)920-0588 
Fax: (312)920-0580 
Email: gkwpatlaw@aoI.com 



Respectfully submitted, 



Dated: 





Gerald K. White 
Reg. No. 26,611 
Attorney for Appellant 
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THIRD SUPPL HEUSER DECLARATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17, 2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 

THIRD SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 

I, Richard Heuser, declare as follows: 

1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 8501 3. 

2. This Third Supplemental Declaration is submitted in addition to my previous Declaration, 
dated June 5, 2003; my Supplemental Declaration dated February 4, 2004; and my 
Second Supplemental Declaration dated July 18, 2004. No changes are made to any of 
such previous Declarations. 

3. My Curriculum Vitae is attached as Exhibit A to my Declaration of June 5, 2003. 

4. It is my understanding that the Examiner in charge of the above-identified patent 
application is also in the Examiner in charge of co-pending patent application Serial No. 
09/794,456. In an Advisory Action dated November 26, 2004, for aforesaid Serial No. 
09/794456, the Examiner further questioned my qualification to render my opinions in 
the three previous Declarations mentioned in above Paragraph 2. It is my further 
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5. 



understanding that the Examiner reviewed my U.S. Patent No. 6,190,379 and did not find 
mention of delivery of any substance to the myocardium nor the word "cell." Also, the 
Examiner questioned my role in the cell delivery portion of Bioheart's laboratoryand 
clinical trials using skeletal muscle cultured and modified. I provide the following 
information to respond to the Examiner's newly raised questions. 

Regarding, U.S. Patent No. 6,190,379, the following is stated in my Second 
Supplemental Declaration: 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter" I 
developed a technique to deliver radiofrequency (PMR) In the 
full embodiment of the patent, I discuss delivery of protein and/or 
muscle cells in the myocardium using the inventive technique. 

By the above statement, I meant that the device shown in the patent has been used for the 
delivery of protein and/or muscle cells to the myocardium. At a presentation at the 
Angiogenesis Meeting in 1999 in Washington, D.C., we described this use of growth 
factors in a pig model with the development of neo vascularization. Moreover, I have 
had discussions with Bioheart regarding the use of my U.S. Patent No. 6,190,379 for 
delivery of cells. 

Regarding my work at Bioheart, the following is stated in my Second Supplemental 
Declaration: 

I have been involved as a member of the scientific advisory board 
with the world leader in cardiomyocyte regeneration, Bioheart, 
Miami Lakes, Florida. This company has been involved with 
laboratory and clinical trials using skeletal muscle cultured and 
modified. The sample is then delivered into the myocardium via a 
surgical or catheter approach. 

To provide further information regarding the Examiner's questioning my involvement 
with Bioheart, I am a Scientific Advisory Board Member and in such role advise Bioheart 
throughout its pre-clinical and clinical work involving the delivery of skeletal muscle 
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cells into the myocardium. I am also an investigator with Bioheart's Phase 3 clinical 
trials in the United States. Such trials have not yet commenced. 

6. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 
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FOURTH SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D., F.A.C.C., F.A.C.P. 



I, Richard Heuser, declare as follows: 



1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 



2. This Fourth Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 5 5 2003, my Supplemental Declaration dated February 4, 2004, 
my Second Supplemental Declaration dated July 18, 2004, and my Third Supplemental 
Declaration dated February 15, 2005. No changes are made to any of such previous 
Declarations. 



3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003, and my background is further amplified by materials submitted in my 
Second and Third Supplemental Declarations. 
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4. I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 15; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as I read and understood in my previous Declaration and 
Supplemental Declaration. A copy of such disclosures is attached hereto as Fourth 
Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced patent 
application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 through page 43 
line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, line 1 through page 56, 
line 25; and page 62, lines 1-10. A copy of such additional disclosures is attached hereto 
as Fourth Supplemental Declaration Exhibit B. 

5. The disclosures in Fourth Supplemental Declaration Exhibit A, also contained in my 
previous Declaration and Supplemental Declaration, relate to using growth factors, 
including cells, for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human heart 
by growing new cardiac muscle. Such disclosures are also directed to the growth of new 
arteries in the heart. 

I understand that the additional disclosures in Fourth Supplemental Declaration Exhibit B 
relate to using cellular growth factors, including bone marrow stem cells, to grow soft 
tissue, including an artery. Stem cells harvested from bone marrow, peripheral blood and 
from culture banks are described as being implanted for promoting morphogenesis and 
growth of all three-germ tissue layers, i.e. mesoderm, ectoderm and endoderm tissues. It 
would be understood by one skilled in the art that morphogenesis includes the growth of 
an artery, which comprises mesodermal tissue. 
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I have read and understood the claims set forth in Fourth Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented in this 
application with this Fourth Supplemental Declaration. 

Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in the disclosures referenced therein, would be enabled to 
practice the method set forth in Fourth Supplemental Declaration Exhibit C and to 
predictably anticipate the results defined therein without need for resorting to undue 
experimentation. It is my further opinion that one skilled in the art reading such 
disclosures would understand that all of the well known administration procedures 
described at page 45 of the patent application, including intravenous, intraluminal, 
intramuscular, and with an angioplasty balloon, would be applicable for use in growing 
an artery in a human patient regardless of whether the genetic material was a gene; cell, 
including stem cells such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 

Further Declarant sayeth not. s\ 
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EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO- 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 33, LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37, LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40. LINE 20 - PAGE 43, LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 
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EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
1 02 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
redifferentiation, differentiation, growth, and development. 
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PAGE 44. LINES 12- 13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 

structure that has a certain task. 



PAGE 48. LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53. LINE 1 - PAGE 56. LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
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single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site, 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 
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During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 

fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 

replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 

saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 

RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 

direction injection of the needle without incision, or by any other desired means. The cardiac 

muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle.. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 



-B10- 



An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 62, LINES 1-10 

EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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APPL. SERIAL NO, 09/836,750 



EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 

A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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The method of claim 264, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 264, wherein said stem cell comprises living 
stem cells harvested from bone marrow. 

The method of claim 266, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 262, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 
The method of claim 265, wherein said stem cell is injected into said 
heart. 

The method of claim 267, wherein said stem cell is injected into said 
heart. 

The method of claim 238, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
The method of claim 239, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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Claim 286 



Claim 287 



Claim 288 



Claim 289 



Claim 290 



Claim 291 



Claim 292 



Claim 293 



A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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DECLARATION OF ANDREW E. LORINCZ. M.D. 



I, Andrew E. Lorincz, declare as follows: 



1. I reside at 3628 Belle Meade Way, Mountain Brook, Alabama 35223. 

2. My Curriculum Vitae is attached hereto as Exhibit A. 

3. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 
19 through page 46, line 16. A copy of such disclosures is attached hereto 
as Exhibit B. 

4. I note that the disclosures referenced in above Paragraph 3 relate to using 
a growth factor for promoting the growth of soft tissue and, more 
specifically, to a method of using a growth factor for growing muscle in a 
human heart. 
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5. I am aware of and have considered the definition of growth factor in the 
specification of the above-referenced patent application at page 20, line 10 
through page 21, line 15. Such definition is set forth in Exhibit C along 
with a definition from the medical dictionary, MEDLINE plus: Merriam- 
Webster Medical Dictionary. A service of the U.S. NATIONAL 
LIBRARY OF MEDICINE and the NATIONAL INSTITUTES OF 
HEALTH. I find that the dictionary definition is consistent with that 
contained at page 20, line 10 through page 21, line 15 of the above- 
referenced patent application. I believe that both definitions are 
appropriate for use in the field of tissue growth and would be understood 
by one skilled in the medical arts. Accordingly, I am adopting and 
utilizing the definition contained in the patent application throughout this 
declaration. 

6. I have read and understood the claims set forth in Exhibit D and have been 
informed that such claims will be presented to the Patent and Trademark 
Office in the near future. 

7. The materials included in attached Exhibit E illustrate that placement of a 
growth factor in a human patient causes muscle growth in a heart. These 
materials report work performed by reputable, skilled scientists and 
reputable organizations in the medical arts. Consequently, I believe that 
these reports would be recognized as clearly valid by one of ordinary skill 
in the medical arts because they report the results of scientific tests 
conducted by competent, disinterested third parties with use of proper 
scientific controls. 

8. Based upon above Paragraphs 3-7, it is my opinion that introducing a 
growth factor into a human patient will predictably cause new muscle 
growth in the heart of the patient. 
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9. Based upon above Paragraphs 3-6, it is my opinion that one skilled in the 
medical arts, armed with the knowledge in such paragraphs, would be able 
to practice the method set forth in Exhibit D without need for resorting to 
undue experimentation. 

1 0. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 
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NAM!-: 
TITUi: 
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ADDRESSES: 



Andrew li. Lorincz, M.I). 

Professor of Pediatrics 

University of Alabama at Birmingham 

361-16-4853 

University of Alabama at Birmingham 

Mortimer Jordan J I all 13-70 

1825 University Boulevard 

Birmingham, Alabama 35294-2010 

Telephone: (205) 934-7038 

f ; AX: (205) 975-9147 

limail : aelorincz($vpruu. vpiua. U AB edu 



Home; 

3628 Ucllc Meade Way 
Mountain Brook, Alabama 3522.1 
Telephone: (205) 967-4678 

BIKTH VI 7/26 Chicago, Illinois 

MARITAL STATUS: Married. 12/14/65 - Diane DeNyse Lorincz 

HDUCATION: 

1948-1952 University of Chicago. School of Medicine, M.I). Degree 

1 948^ 1950 University of Chicago, B.S. Degree (Anatomy & Biochemistry) 

1946-1948 University of Chicago, Ph.B. Degree 

POSTDOCTORAL liDUCATION: 

J;m-M{ir 1980 Lysosomal Storage Disease Laboratory, liunicc Kennedy Shrivel Ccniei. 

Waltham, MA (I larvard), Visiting Scientist 
1 95 s- 1 956 I .aRabida Jackson Park Sanitarium. University of Chicago. 

Junior Stall* Physician Depar tment of Pediatrics, University of Chicago 

Clinics Bob Roberts Memorial Hospital 
1055-1958 Arthritis and Rheumatism Inundation Fellow 
IV54- 1 «>55 Benjamin J Rosenthal Clinical and Research Fellow 
1 953- 1 954 Junior Assistant Resident 
19S2-I953 Intern 
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ACADEMIC APPOINTMENTS: 

1 99o.prcscnt Professor Kmeritus, Department of Pediatrics 

1984-19% School of Public Healt h, University of Alabama at Birmingham, Professor 
1971-1996 University of Alabama at Birmingham, Member of Graduate Faculty 
1968-1996 University of Alabama at Birmingham, Professor of Pediatrics 
1 97 M 984 Division of Jinginccring Biophysics, University of Alabama at Birmingham 
Associate Professor 

1 968- 1 982 University of Alabama at Birmingham, Associate Professor of Biochemistry 
1976- 1980 School of Optometry, University of Alabama at Birmingham, 
Professor Optometry 

1 97 1 - 1 980 School of Nursing, University of Alabama at Birmingham, Clinical Associate 
Professor 

1970-1980 Center for Developmental and Learning Disorders, University of Alabama at 
Birmingham.. (A University Affiliated Facility for Developmental 
Disability), Director 

1970-1976 School of Optometiy, University of Alabama at Birmingham, Associate 

Professor of Pediatric Optometry 
1966-1968 Medical Teaching and Research, Unit of the University of Florida at the Sunland 

Training Center, Gainesville, Florida, Director 
1963-1968 Department of Surgery (Orthopaedics), University of Florida College of 

Medicine, Gainesville, Florida, Research Associate Professor 
1 962- 1 968 Department of Pediatrics, University of Florida College of Medicine, 

Gainesville, Florida, Associate Professor 
1 959- 1 962 Department of Pediatrics, University of Florida College of Medicine, 

Gainesville, Florida, Assistant Professor 
1956-1959 Department of Pediatrics, University of Chicago School of Medicine, Chicago, 
Illinois, Instructor 



PROFESSIONAL LICENSES - PHYSICIAN AND SURGFON 

5/26/69 State of Alabama 
K/10/59 State of Florida (inactive) 
9/22/54 State of Illinois (inactive) 
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SPIiCIAU'Y CKRTIFICAT10N: 



May 1958 American Board of Pediatrics, Diplomat* 
BOARDS, COMMI J Tl-liS AND CONSULTANTS! UPS: 

1994-prcscni Board member of The Menial Retardation and Developmental Disabilities, 

I Icalth Care Authority of JctVcrson County, Inc. 
1 99 1 -present Editorial Board for the Annals of Clinical and Laboratory Scic nce r Member 

1988-prcscnt Medical Advisory Board of the National MPS Society, Member 

1 980-1980 Mental Retardation . Consulting Editor 

1979-present National Tay-Sachs and Allied Diseases Association, Scientific Advisory 

Committee, Member 

1978- prcscnt Mayor's Council of Disability Issues 

1979- 1984 Osteogenesis Imperfecta Foundation, Inc., Hoard Member Alabama 

O.I.Chaptcr 

1974- 1981 Child Mental Health Services, Inc., Birmingham, Alabama, Board Member 
1977-1978 Ulizabcthtown Committee on Planning and Evaluation, Legislative 

Committee, Slate of Pennsylvania 
1973-1975 Human Rights Committee for the Partlow State School and Hospital, 

Tuscaloosa, Alabama, Member - Federal Court Appointed 
1971-1974 American Academy of Pediatrics, Committee on Children With Handicaps 

1971-1973 American Journal of Mental Deficiency . Consulting Jiditor 

1965-1973 I lead Start, Medical Consultant 

1967-1972 Journal "f ln vtsst JK Mivc Dei matolouv . Kclitorial Consultant 

1961-1908 Sunland Hospital, Orlando, Florida, Medical and Research Consultant 

1 965-1966 State of Florida Interagency Committee on Mental Retardation Planning, 

Co-Chairman, Mental Retardation Research Committee Alabama 
P pvqlQpmcntal Disabili tcs Planninu Council 
19X2-1984 Maternal and Child Health, Member of Advisory Committee 

1 979-1984 Member (Secretary, 1 980; Vice Chairman, 1 984) 

1973-1979 Consultant 

/Unttrican Association of University Affiliated Facilities 

1975- 1978 Amciican Association of University Affiliated Programs for the 

Developmental^ Disabled, Hoard Membei 



American Asso ciation on Mental Revelation 

Prevention Committee. Chairman 
Mcmhei of Council 

Medicine Division and Member l-xccuiive Committee. V.ce President 



1980,84,85 
1 980- 1 982 
1078-1980 
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BOARDS. COMMUTES AND CONSULTANTS! HPS; (CONT'D) 



Associ ation of Reta rded^ilkens of Jefferson County 



1990-presenl 
1975-1985 
I 977- I 978 
19K0 



Board Member 

Board Member 

Second Vice President 

Recipient of Distinguished Service Award 



PROFESSIONAL SOCIKTIES: 

American Academy for Cerebral Palsy and Developmental Medicine, (Fellow) 

American Academy on Menial Retardation (President Licet, 1 975-70; President, 1 976-77) 

Kmeritus Member 
American Academy of Pediatrics (Fellow) 
American Association for the Advancement of Science 
American Association for Clinical Chemistry, Inc. 
American Association on Mental Retardation (Fellow)-Lifc Member 
American Chemical Society 
American Federation for Clinical Research 
American Medical Association 
American Society for Human Genetics 
American Society Tor Investigative Pathology 
Association of Clinical Scientists 
International Society for Mycoplasmology 
Jefferson County Pediatric Society 
Society for Complex Carbohydrates 
Society for Investigative Dermatology 
Society for Pediatric Research 
Society for Sigma Xi 

Southern Society for Pediatric Research (President, 1904) 
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PAGE 20. LI NE 10 - PAfiF, 21. LINE 13 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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PAGE 20. LI NE 10 - PACE 21. LINK 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

MEDLINE PLUS: MERRIAM-WEBSTER MEDICAL DICTIONARY 

A SERVICE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 

NATIONAL INSTITUTES OF HEALTH 

Growth factor: a substance (as a vitamin B12 or an interleukin) 
that promotes growth and especially cellular growth 
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EXHIBIT D 
CLAIMS 



EXHIBIT D 
CLAIMS 



Claim X: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of a 
human patient and growing new muscle in said heart. 
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Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 
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■0 emodeling of the left ventricle after myocardial infarc- 
AVtion (MI) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chronic transformation of both the necrotic infarct region and 
the non-necrotic. peri-infarct tissue.'-' Despite application of 
pharmacotherapeutics and mechanical interventions the car- 
diomyocytes lost during MI cannot be regenerated. The 
recent finding that a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
wuh the concept that such regeneration is restricted to viable 
myocardium. 1 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. -However, these cells fail to integrate structurally and 
do not display characteristic physiological functions."-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation.*-"' Experimental studies have 
shown (hat bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in rum to amelioration of cardiac 
function m mice and pigs."-'" However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and v.ab.lity 5 months afterward." Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients." However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurg 1C al, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation into 
infarcted myocardium in humans, a, The bal- 
loon catheter enters the Infarct-related artery 
and Is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the infarcted zone via the infarct- 
related vasculature (red dots). Cells infiltrate the 
Infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 33 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=»4), left circumflex coronary artery 
(n-3), or right coronary artery (n^H). Mean duration of infarct 
pain was 12 ±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the ceil therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Dusseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before talcing part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid, 
an ACE inhibitor, a ^-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(**40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n « 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWh it- 
taker) before the erythrocytes were lysed with H 2 0. For overnight 



cultivation, I X10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3%. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 10 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1 X10 3 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X10* mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration waa allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used. 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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TABLE 1. Baseline Characteristics of the Patients 



Clinical Data 
Characteristics 

No. of patients 

Age, y 

Sex 

Onset of infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with UD/LCX/RCA as the affected vessel 
No. of patients with stent implantation 
Laboratory parameters 
Creatinine kinase, U/L 
Creatinine kinase-MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow cells, n (X10 7 ) 



Cell 
Therapy 


Standard 


p 

r 


10 


10 




49*10 




MO 


Male 


malt? 




10±8 


11-4-1 1 


NS 


1.72:0.9 


2.1 £0.7 


NS 


4/1/5 


0/2/8 




9 


10 




1138i1170 


1308±1187 


NS 


106±72 


124±92 


NS 


7 ±2 






2.8S2.2 







Values are mean±SD or number of patients. 
NS Indicates not significant; LAO, left anterior descending coronary artery; LCX left circumflex 
coronary artery; and RCA, right coronary artery. circumflex 



stress-redistribution-reinjeclion ""thallium scintigraphy. The con- 
tractility index P.^SV was calculated by dividing LV systolic 
pressure (P ) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bull's-eye technique. Each examination 
was performed according to standard protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
me 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean+SD. Statistical significance was 
accepted when P was <0.05. Discrete variables were compared as 
rates, and comparisons were made by *> analysis. Intra-individual 
comparison of baselme versus follow-up continuous variables was 
performed with a paired , test. Comparison of nonparametric data 
between the .wo groups was performed with Wilcoxon test and 
Mann-Whitney test Statistical analysis was performed with SPSS 
for Windows (version I O.I). 

Results 

Clinical data between the two groups did not differ signifi. 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
■cs, according to the global and regional analysis of left 
ventrtculogram. The infarct region as a percentage of hypo- 
kinetic, akmet.c, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30+13 to I2±7%. ^=0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (/>=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 + 8 
to 20il 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0+1.1 to 4.0+2.6 cm/s. P=0.028) but not in the 
standard therapy group (from 1.8+1.3 to 2.3+1.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificant^ (from 57±8 to 62± 10% in the cell therapy 
group and from 60+7 to 64 + 7% in the standard therapy 
group) (Table 2). ' 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174 + 99 to 128+71 cm 1 . />=0.0I6, assessed by 
• thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49 + 7 to 56 + 7 mL/m', />=0.0l0) 
and ejection fraction (from 51 + 14 to 53+13% 
P=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from 158+20 to 143+30 mL. P=NS) 
and end-systolic volume (from 82+26 to 67+21 mL, 
/>=0.0I I). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5+4.2 to 
24.4+7.7 mm/s, P=NS. assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 + 1.44 to 2.27+1.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarc.ed 
tissue when applied during the immediate postinfarction 

period. These results also show that the intracoronary ap - 

proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and'Standard Therapy Groups 





Cell 
Therapy 


Standard 
Therapy 


P 


No. of patients 


10 


10 




Infarct region as functional defect 








Hypokinetic, akinetic, or dysklnetlc region at 0 mo, % 


30±13 


25±8 


NS 


Hypokinetic, akinetic, or dysklnetlc region at 3 mo, % 


12±7 


20*11 


0.04 


P 


0.005 


NS 


... 


Contractility indices 








infarction wall movement velocity at 0 mo, cm/s 


2.0±1.1 


1.8±1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2,3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV election fraction at 0 mo, % 


57±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS Indicates not significant; 0 mo, zero months, which means the time of Infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow-derived 
cells in experimental infarction. n-w.1a.20.23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 - 17 - 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 - 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 



realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 




Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall Infarction detected by ^'thallium 
scintigraphy. The images on the left (A, D, sagittal) and in the 
middle (B, E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement In myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV election fraction, % 


51±14 


53±13 


NS 


Stroke volume Index, mlVm 1 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-dlastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82±26 


67 ±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/3 








P»^ESV, mm Hg/mL 


1.81 ±1.44 


2.27±1.72 


0.005 


Infarct region as perfusion defect 








"'Thallium scintigraphy, cm' 


174 ±99 


128*71 


0.016 


NS indicates not significant. 
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and smooth muscle cells"-"; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 28 ; 
and (4) endothelial progenitors can transdifTerentiate into 
beating cardiomyocytcs » Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonnal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of ~200 g) will flow per 
minute. 3 '" Tins corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). 1 * Therefore, 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of ceils dedicated to cell repair in the infarcted zone. 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection, 33 because all cells are able to flow 
through the infarcted and peri -infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection. 34 To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed." Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immediately, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion. 36 Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues."- 40 Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MI, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after Ml. We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of Ihe 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of Ml, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However, 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional eel! therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P lyt /ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI. it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
\2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data. 4 ' In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, farther experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute MI 
in humans. 
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Docket No. 1000-10-COl 
SUPPL LORINCZ DECLARATION 



HE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17, 2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



SUPPLEMENTAL DECLARATION OF ANDREW E. LORINCZ. M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

2. This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 9, 2003, and makes no 
changes to such previous Declaration. 

3. My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 1 6. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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5. I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 

6. I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

7. Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 

8. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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9. 



Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 



Date: 
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SUPPLEMENTAL EXHIBIT A 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

24 1 . The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241 , wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251 . The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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LETTER 



Mail Stop Non-Fee Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Letter is submitted in an attempt to advance the prosecution of the instant patent 
application. 

In related patent application Serial No. 09/794,456, that is currently being examined by 
the Examiner in charge of this application, Second Supplemental Declarations of Drs. Richard 
Heuser and Andrew E. Lorincz were prepared and will be filed in the near future. Accordingly, 
Applicant wishes to file Second Supplemental Declarations in this application as well. 

Should the Examiner have any questions or require additional information or discussion 
to place the application in condition for allowance, a phone call to the undersigned attorney 
would be appreciated. 

Respectfully submitted, 



Date: July 26. 2004 



GERALD K. WHTIE & ASSOCIATES, P.C. 
205 W. Randolph Street, Suite 835 
Chicago, !L 60606 
Phone: (312)920-0588 
Fax: (312)920-0580 
Email: ukwiiiitl.iwfwiaol.com 



Gerald K. White 
Reg. No. 26,611 
Attorney for Applicant 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.G. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ, M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

2. This Second Supplemental Declaration is submitted in addition to my previous 
Declaration dated June 5, 2003 and my Supplemental Declaration dated February 
3, 2004. No changes are made to either of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my previous 
Declaration. 

4. It is my understanding that the Examiner in charge of the above-identified patent 
application, in an Office Action dated June 1, 2004 for related patent application 
Serial No. 09/794,456, questioned my qualification, for the first time, to render 
my previous opinions mentioned in above Paragraph 2. It is my further 
understanding that the basis for such questioning was that the Examiner noted that 
I did not report experience with cellular therapy. I desire to provide the 
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information contained in following paragraph 5 so that the Examiner can consider 
such information in this application, as well. 

5. In addition to the qualifications set forth in my CV, I am familiar with stem cell 
technology, including bone marrow preparation. 

6. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 
in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Second Supplement Declaration Exhibit A. 

7. I note that the disclosures referenced in above Paragraph 6 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human 
heart by growing new cardiac muscle in the heart. 

8. I have read and understood the claims set forth in Second Supplemental 
Declaration Exhibit B and have been informed that such claims are currently 
presented in this application. 

9. Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be enabled to practice 
the method set forth in Second Supplemental Declaration Exhibit B and to 
predictably anticipate the results defined therein without need for resorting to 
undue experimentation. 

10. I believe that one skilled in the medical arts, upon reading the disclosures in 
above Paragraph 6, would understand that cellular growth factors, such as 
multifactorial and non-specific cells, are included in such disclosures. Moreover, 
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such skilled person would understand the disclosure on page 45 to be authored a: 
an illustration of various modes of delivery of growth factors, whether they are 
genes or other genetic material; and that such skilled person would further 
understand that the disclosures on pages 45 and 46 describe genetic material to 
include appropriate cells and genes. 

1 1 . Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 





Andrew E. Lorincz, M.D. 
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EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (TNF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the earner, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 1 6 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
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heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 

CLAIMS 

APPLICATION SERIAL NO. 09/836,750 

236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241 . The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251. The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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^ Docket No. i 000-1 0-CO1 

THIRD SUPPL LORINCZ DECLARATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 

THIRD SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ, M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 

2. This Third Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 9, 2003, my Supplemental Declaration dated February 3, 
2004, and my Second Supplemental Declaration dated July 19, 2004. No changes 
are made to any of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my 
Declaration of June 9, 2003, and my background is further amplified by materials 
submitted in my Second Supplemental Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 
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in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Third Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 33 s lines 8-10; page 37, lines 19-25; page 40, line 20 
through page 43 line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, 
line 1 through page 56, line 25; and page 62, lines 1-10. A copy of such 
additional disclosures is attached hereto as Third Supplemental Declaration 
Exhibit B. 

The disclosures in Third Supplemental Declaration Exhibit A, also contained in 
my previous Declaration and Supplemental Declaration, relate to using growth 
factors, including cells, for promoting the growth of soft tissue and, more 
specifically, to a method which may use such growth factors for growing a new 
portion of a human heart by growing new cardiac muscle. Such disclosures are 
also directed to the growth of new arteries in the heart. 

I understand that the additional disclosures in Third Supplemental Declaration 
Exhibit B relate to using cellular growth factors, including bone marrow stem 
cells, to grow soft tissue, including an artery. Stem cells harvested from bone 
marrow, peripheral blood and from culture banks are described as being 
implanted for promoting morphogenesis and growth of all three-germ tissue 
layers, i.e. mesoderm, ectoderm and endoderm tissues. It would be understood by 
one skilled in the art that morphogenesis includes the growth of an artery, which 
comprises mesodermal tissue. 

I have read and understood the claims set forth in Third Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented 
in this application with this Third Supplemental Declaration. 
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7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in the disclosures referenced therein, would be 
enabled to practice the method set forth in Third Supplemental Declaration 
Exhibit C and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. It is my further opinion that one skilled in the 
art reading such disclosures would understand that all of the well known 
administration procedures described at page 45 of the patent application, 
including intravenous, intraluminal, intramuscular, and with an angioplasty 
balloon, would be applicable for use in growing an artery in a human patient 
regardless of whether the genetic material was a gene; cell, including stem cells 
such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 

Further Declarant sayeth not. 
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EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone monogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue P H, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 



- A4- 




APPL. SERIAL NO. 09/836,750 



EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 33, LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37, LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40, LINE 20 - PAGE 43, LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 
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EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
redifferentiation, differentiation, growth, and development. 
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PAGE 44, LINES 12- 13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 

PAGE 48, LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53, LINE 1 - PAGE 56, LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
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single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 
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During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 
fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 
replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 
direction injection of the needle without incision, or by any other desired means. The cardiac 
muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 
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An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 62. LINES 1-10 

EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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APPL. SERIAL NO. 09/836,750 



EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 

A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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The method of claim 264, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 264, wherein said stem cell comprises living 
stem cells harvested from bone marrow. 

The method of claim 266, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 262, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 
The method of claim 265, wherein said stem cell is injected into said 
heart. 

The method of claim 267, wherein said stem cell is injected into said 
heart. 

The method of claim 238, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
The method of claim 239, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a eel) 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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products, not method steps. The issue here is not whether or not workers in this 

technology already knew the features of the cells recited in the claims; rather, the 

issue is that the instant specification did not set forth contemplation of a method 

step wherein cells were administered intravenously, intraluminal^, or via 

angioplasty. As discussed in the previous paragraph, the instant specification did 

not set forth contemplation of such method steps. The claims are being 

examined to the extent they read on the elected invention, administration of cells, 

and thus the generic concept of growth factor is not relevant. Furthermore, 

MPEP§ 2163.02 reads: 

"An Applicant shows possession of the claimed invention by describing the 
claimed invention with all of its limitations using such descriptive means as 
words, structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. See Lockwood v. American Airlines. Inc. . 107 F.3d 1565, 1572, 41 
USPQ2d 1961, 1966 (Fed. Cir. 1997). Possession may be shown in a variety of 
ways including description of an actual reduction to practice, or by showing that 
the invention was "ready for patenting" such as by the disclosure of drawings or 
structural chemical formulas that show that the invention was complete, or by 
describing distinguishing identifying characteristics sufficient to show that the 
applicant was in possession of the claimed invention." 

In the instant case, none of these criteria have been met. There was no 

reduction to practice, and the specification only refers to method steps involving 

proteins, genes and "genetic material," but not cells, as being useful in 

intravenous, intraluminal and angioplasty delivery. Therefore, the rejection is 

maintained. 
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Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
I ransplantation in Humans 

A/e/W, «*/ *««/tt-After standard therapy S ! f "> standard therapy after Ml. 

BMCs via a ba „oon catheter p,aced into Z nfarc . I^.ZT^Z^n^ m ~ lear 
. coronary angioplasty). Another 10 patients with acute Mi ^7, du f n "« ba,,00n d,la,ati °n (percutaneous transluminal 
follow-up. the infarct region (determined by" eft ic^Zh ThaH H " ^ a '° ne - After 3 of 

group (from 30*13 to 12*7%, />= 0 .005) and was a Z ^tt H"™" ^ «he cell therapy 

</»-0.04). Likewise, infarction wall n^e^S k fr ^^^ ^ "r" COmpared Wi ' h the s,andard ,h "apy group 
2.0± LI to 4.0*2.6 cm/s. ^=0.028). FurthTr r St*"' 1 * ^ ^ Ce " ,hen W «™P from 

rsr t? • ?™ -Sr """""^ ( "' i0 °' s ' Mk 

mononuclear BMCs is safe and seems to be effec"ve unL !f Se 'f ,ve ' n,rac °™ a O' transplantation of autologous, 



R ?■ ,S? ° nhe ' eft Ven ' Hcle after ^yo^rdial infarc 
, T, re P resents a ™jo r cause of i nfarct . re , ated 
heart fa.lure and death. This process depends on acute and 
chrome transformation of both the necrotic infarct region and 
•he non-necrotic. peri-infarc. .issue-.' Despite application of 
Pharmacoiherapeutics and mechanical interventions the car- 
diomyocy.es lost during MI cannot be regenerated. The 
recent finding thai a small population of cardiac muscle cells 

wi„ r™ Pli TJ lSelf iS ~ a 8 in g but is still consistent 
w.th the concept that such regeneration is restricted to viable 
myocardium. 1 viooie 

In animal experiments, attempts to replace the- necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie.. myocardium and coronary 
vessels, however, these cells fail to integrate structurally and 
do not display characteristic physiological functions.-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells Bone 



marrow contain, i multipoint adult stem cells that show a high 

pac.y for differentiation.-" Experimental studies have 
shown hat b0 marrow ce||s fBMCs) 

generating mfarcted myocardium and inducing myogenesis 
nd ang.ogenesis; this leads in turn to amelioratL of cardia 

•his ohir'" Pi6S ' " U H ° WeVer ' Pr ° cedu - - 
dinictselT" rCmam ,arge ' y UninVeSli8a ' ed f " ' h — 
An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of Ltr.cZ 
and vta mty 5 months afterward-' Autologous 
BMCs , ra „sp la „,ed in a similar surgica, setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
p. .ems and no change in 2 patients. - However, such studies 
em .1 a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro 
cedure cannot be used with MI. We therefore looked for a 
nonsurg,cal, safer mode for transplanting autologous cells 
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LAD 
Balloon catheter 
Border zone 
Infarcted zone 



in&H Proced " ro of CG » transplantation into 
a ^myocardium in humans, a, The bal- 

Lnn ic ? 6te w en J ers the '"^related artery 
and is placed above the border zone of the 

npn rCtl0r J' ' I 5 thGP inflated and the ce 2- 

Z S o 0 on^ n US l d f 1 hl9h pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the infarcted zone via theTn S?- 

hJ £? nBt Blue and whfte arr ows suggest 

LlZ f1« ble r ° Ute ° f m '9 ration ' A supply of 
blood flow exists within the infarcted zone » 

bo^r i S nH r fh the T f ° re ab ' 9 t0 reach both 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up " 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n-3), or right coronary artery (n=l3). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction 
cardiac shock, severe comorbidity, alcohol or drug dependency or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography 
and left ventriculography, mechanical treatment was initiated with 
recana , ration of the infarct-related artery by balloon angioplasty 
(n-20) and subsequent stent implantation (n« 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group 
All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinnch-Heme-University, Dusseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid 
an ACE inhibitor, a j3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(-40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n« 10). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lysed with H,0. For overnight 



Cell Genix) and cult.vated in X-Vivo 15 Medium (BioWhittakerJ 

Sne ha^J » ™sted and washed 3 times with heparinized 
salme before final resuspension in heparinized saline. Viability was 
Lrnir 7f ann,2atl0n an ° filtration (cell strainer. FALCON) was 
ZttZ*r V T CeH C,0 " in * and "icwembototion during 

0 65^ 7a m ° Vern,8ht Cl J ItUrC W3S 2 8X 10?; this consis ^ of 
Juah ' u 3 , 3 -P° SIt,vc ccl1 * and 2.1 ±0.28% CD34- P ositive 
cells. All microbiological tests of the clinically used cell preparation 
proved nega iv£ As a viability and quality ex vivo control 1 X \0> 

c l?Z" t H5, °° mCdiUm (StCm ^''Technology) were found 
to be able to generate mesenchymal cells in culture 

Intracoronary Transplantation of BMCs 

V t™*l«l n A d T l ftCr ? Set ° f 8CUte infa ^tion, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom 
P .shed with the use of a baJloon catheter" which was ph d w ^~ 

£ o^ 11 "^ AftW CXaCt p0sitionin * of * c Walloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary ang.oplasty (PTCA) was performed 6 to 7 times for 2 to 4 
mmutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 15 to 4X10* mononuclear cells PTCA thorough P e 
° f CCl,S and at «» «™ time lrZ y S a 

hiln~« y °A d *° T ° f me baJ ' oon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus pro- 
longed contact time for cellular migration was allowed." ' 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
cathetenzatton, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dysk.net.c segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerhne method according to Sheehan was used « All 
^^ amic to^'Stf'oiw were obtained by two independent 

In the cell therapy group before and 3 months after cell transplan- 
tafcon, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography 
radionuclide ventriculography, catheterization of the right heart and 
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TABLE 1. Baseline Characteristics of the Patients 




Clinical Data 
Characteristics 
No. of patients 

. y 

Sex 

Onset of infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with LAO/LCX/RCA as the affected vessel 
No. of patients with stent Implantation 
Laboratory parameters 
Creatinine kinase, U/L 
Creatinine kinase- MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow cells, n (xio 7 ) 



17 ±0.9 
4/1/5 
9 



2.1 ±0.7 
0/2/8 
10 



1138; 
106 

7±2 
2.8±2.2 



1170 

:72 



1308:! 
124: 



1187 
:92 



NS 



NS 
NS 



Values are mean ± SO or number of patients 

^S^ZISZ ZSZ" descendins coron ^ ^ LCX - 



S£^?l£l tai0n ? h f ium "-"g-phy. The con- 
irncmity index P <ru /ESV was calculated by dividing LV svstolie 
pressure (P ) by end-syslolic volume (ESV). Perfusfon defec w « 
calculated by scm.igraphic bull's-eye technique. Each exVminaHon 
was performed according to standard protocols e »™«»"on 
There were no complications or side effects determined in anv 

ssssKEsr - - * 

Statistical Analysis 

Results 

Cluneal data between the two groups did not differ signifl- 
cantly. The range of creatinine kinase levels was slightly but 
no. significantly higher in the standard therapy group than it 
was , n the cell therapy group (Table I) 

Comparison of the 2 groups 3 months after cell or standard 
iherapy showed several significant differences in LV dynam- 
ics. according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
k.ne.ic akinetic, or dyskine.ic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30*13 to 12*7%. P= 0.005). It was also 
s.gn.ficamly smaller compared with the standard therapy 
group after 3 months (/>=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 + 8 
to 20+1 1% could be seen. Wall movement velocity over The 
mfarct reg.on rose significantly in ,h e cell therapy group 
(from 2.0*1.1 to 4.0*2.6 cm/s. />=0.028) but not in the 
standard therapy group (from 1.8+1.3 to 2.3*1.6 cm/s 
/'-NS). No significant difference was observed between the' 



two groups. Ejection fraction increased in both groups albeit 
nons.gn.ficantly (from 57*8 to 62*10% in the cell therapy 
group and from 60*7 to 64 + 7% in the standard therapy 
group) (Table 2). py 

Further significant improvement could also be seen on 
additional analysis of (he cell therapy group alone. Perfusion 
defect was cons.derably decreased by 26% in the cell therapy 
group ( frorn , 74±99 t0 , 28±7| cmJ> p=0 ()|6i assessed 

thaMium scintigraphy) (Figure 2). Parallel to the reduction 
m perfus.on defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49+7 to 56 + 7 mL/m 1 . P=0 010) 
and ejection fraction (from 51 + 14 to 53+ IT/ 
/>=NS). JJ-u/o, 

(2) Cardiac geometry, as shown by decreases in both 
end-d.astolic (from 158*20 to 143*30 mL P=NS) 
and end-systolic volume (from 82*26 to 67*21 mL 
P-0.0\ I). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20 5*4 2 to 
24.4*7.7 mm/s, />= NS . assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81*1.44 to 2.27+1.72 mm Hg/mL. />-0.005). 

Discussion 

The present report describes the first clinical trial of in.racor- 
onary. autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
Nents after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarc.ed 
tissue when applied during the immediate postinfarction 
period. These results also show that the imracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 

Thpranu 


Standard 

Thpranu 


p 


No. of patients 


10 


10 




Infarct region as functional defect 








Hypokinetic, akinetic, or dyskinetic region at 0 mo, % 


30±13 


25±8 


NS 


Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 


1 2±7 


20±11 


0.04 


P 


0.005 


NS 




Contractility indices 








Infarction wall movement velocity at u mo, cm/s 


C..\J— I.I 


1 .0— I.J 


HO 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2.3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection fraction at 0 mo, % 


57±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS indicates not significant; 0 mo, zero months, which means the time of infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction. "-■ 4 ■' 8 - 2 °- 2:t Moreover, trans- 
cndothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 - 12 - 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 -' 6 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 
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Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall Infarction detected by 201 thallium 
scintigraphy. The images on the left (A, D, sagittal) and in the 
middle (B, E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement In myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 



realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 





Before Celt 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51±14 


53±13 


NS 


Stroke volume index, mL/m 2 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-diastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82 ±26 


67 ±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/s 








P,y,t/ESV, mm Hg/mL 


1.81 + 1.44 


2.27*1.72 


0.005 


Infarct region as perfusion defect 








301 Thal!ium scintigraphy, cm 2 


174±99 


12B±71 


0.016 



NS indicates not significant. 
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and smooth muscle cells"-'; (3) BMCs give rise to mesoder- 
mnl progenitor cells that differentiate to endothelial cells"' 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes." Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole rather than a subpopula.ion. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
or infused cells can reach the infarct region after the following 
injection: assuming a normal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of ~200 g) will flow per 
minuted" This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). J' Therefore 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
rela.ed artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection," because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
,e mfarc ' t,ssue and ,he peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
«or cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specif.c 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection.'- To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by .his first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed." Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed 
(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
card.omyocytes were transplanted immediately 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negat.ve results after immediate cell transplantation 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion.'* Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 
(3) Another important variable is the inflammatory response 
m Ml, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues.' 7 -"" Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MI, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot- 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantatton remains to be defined, it is most likely between days 
7 and 14 after the onset of MI, as in the present study 

This trial was designed as a phase I safety and feasibility trial 
meaning that no control group is necessarily required. However' 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume) and 
contractility (P^/ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
tnfarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI it has 
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been shown that if the rime interval is >4 houis, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy." None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data.-' In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters 
which may be attributed to BMC-mediatcd coronary angioneogen- 1 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute Ml 
in humans. 
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Abstract 

Myocardial infarcts heal by scarring because myocardium 
cannot regenerate. To determine if skeletal myoblasts could 
establish new contractile tissue, hearts of adult inbred rats 
were injured by freeze-thaw, and 3-4.5 X 10 6 neonatal skel- 
etal muscle cells were transplanted immediately thereafter. 
At 1 d the graft cells were proliferating and did not express 
myosin heavy chain (MHC). By 3 d, multinucleated myo- 
tubes were present which expressed both embryonic and 
fast fiber MHCs. At 2 wk, electron microscopy demon- 
strated possible satellite stem cells. By 7 wk the grafts began 
expressing p-MHC, a hallmark of the slow fiber phenotype; co- 
expression of embryonic, fast, and p-MHC continued through 
3 mo. Transplanting myoblasts 1 wk after injury yielded com- 
parable results, except that grafts expressed P-MHC sooner 
(by 2 wk). Grafts never expressed cardiac-specific MHC-a. 
Wounds containing 2-wk-old myoblast grafts contracted 
when stimulated ex vivo, and high frequency stimulation in- 
duced tetanus. Furthermore, the grafts could perform a car- 
diac-like duty cycle, alternating tetanus and relaxation, for 
at least 6 min. Thus, skeletal myoblasts can establish new 
muscle tissue when grafted into injured hearts, and this 
muscle can contract when stimulated electrically. Because 
the grafts convert to fatigue-resistant, slow twitch fibers, 
this new muscle may be suited to a cardiac work load. (J. 
Clin, Invest, 1996. 98:2512-2523.) Key words: myocardial 
infarction • skeletal myoblast • myosin heavy chain • con- 
tractile function • cell transplantation 

Introduction 

Experimental and clinical therapies for myocardial infarction 
have focused traditionally on limiting infarct size. Unfortu- 
nately, the goal of limiting myocardial injury has been difficult 
to achieve clinically, because ischemic myocardium dies quite 
rapidly ( 1 ) and most patients wail more than 3 h after coronary 
occlusion before seeking medical attention. As an alternative 
approach, we are exploring strategies to induce the injured 
heart to heal with muscle replacement rather than forming 
scar tissue. 
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One strategy for muscle regeneration is to transplant either 
skeletal or cardiac myocytes into the injured heart. Studies 
from Field's group showed that cardiac myocytes can be trans- 
planted into normal hearts, where they couple with host cardio- 
cytes via intercalated discs (2, 3). However, a major drawback 
to using cardiocytes is their inability to proliferate in culture. 
At present it seems unlikely that enough primary cardiocytes 
could be obtained from the patient or histocompatible donor 
to repair a myocardial infarct in humans. On the other hand, 
skeletal muscle satellite cells (muscle stem cells) proliferate 
well in culture. Satellite cells could be obtained from muscles 
of infarct patients and rapidly expanded in culture, or stocks of 
potentially therapeutic myoblasts could be obtained from em- 
bryos and frozen for subsequent use (4, 5). Furthermore, phys- 
iological studies have shown that when properly conditioned, 
skeletal muscle can adapt to perform a cardiac-type work load 
(6). Recent studies have demonstrated the feasibility of graft- 
ing skeletal myoblast lines into normal hearts (7) and autolo- 
gous satellite cells into injured hearts (8, 9). However, to 
generate significant amounts of functional new muscle the 
transplanted cells ideally should proliferate and then differen- 
tiate into mature myofibers capable of sustaining a cardiac 
work load. This study was performed to determine the prolif- 
eration and differentiation patterns of skeletal myoblasts after 
engraftment into injured rat hearts and to determine whether 
this new muscle could support contractile activity. 

Methods 

Skeletal myoblast isolation and culture. These studies were approved 
by the University of Washington Animal Care Committee and were 
conducted in accordance with federal guidelines. Skeletal myoblasts 
were obtained from the limbs of 1-3-d-old Fischer rats. This inbred 
strain was used lo avoid immune barriers to transplantation. After 
time of killing, the carcasses were skinned and the limbs were placed 
into cold tissue culture media. Under a dissecting microscope, the 
muscles were snipped of surrounding adipose tissue and fascia and 
bluntly dissected from their tendons. The muscles were minced with 
iridectomy scissors until a fine slurry was formed. The slurry was then 
digested in 0.05% trypsin, EDT A (GIBCO-BRL, Gaithersburg, MD) 
in Hani's saline A at 37"C. with intermit lent mechanical agitation to 
assist dispersal. After 30— J5 min the cell suspension was filtered 
through sterile gauze to remove undispersed tissue fragments and rod 
shaped mature myofibers. Cells were plated at ~ 5 x 10* cells/dish in 
100-mm gelatinized plates in 10 ml Ham's F10C media, containing 
15% horse serum and 50 M-g/ml genlamicin sulfate (Gemini Byprod- 
ucts, Inc.. Calabasas. CA). Recombinant human basic fibroblast 
growth factor was added twice daily to a final concentration of 6 ng/ml, 
and the complete medium was replaced once per day. Approximately 
10% of the cells attached and grew with a doubling time of ~ 18 h. 
The cultures contained a mix of small, oval myoblasts and elongated, 
spindle-shaped cells consistent with fibroblasts. Subconfluent cultures 
were passaged every 2-3 d (1:5 split) to minimize the occurrence of 
myogenic differentiation at higher density. On the day before trans- 
plantation, the cultures were tagged for subsequent identification in 
vivo. In some experiments cells were lagged with fluorescent micro- 
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spheres (1:500 dilution of stock 200 nm yellow-green fluorescent mi- 
crospheres; Molecular Probes, Eugene, OR). The latex microspheres 
were endocytosed (typically > 20 spheres/cell) and served as cyto- 
plasmic markers (10). In other experiments, cells were incubated 
overnight with [ 3 H]thymidine (1 u-Ci/ml) to mark their nuclei after 
autoradiography. Cultures were trypsinized immediately before trans- 
plantation and suspended at a concentration of ~ 3 x 10 7 /ml. Small 
aliquots of the remaining cell suspension were replated at ~ 2 x 10" 
cells/cm 2 into gelatinized, multichamber plastic slides, and fixed in 
methanol after various culture intervals for immunostaining. 

Rat cardiac injury models. Inbred male Fischer rats (Simonsen Labs, 
Gilroy, CA) weighing 350-400 grams were anesthetized with intra- 
peritoneal ketamine-xylazine (68 and 4.4 mg/kg, respectively), intu- 
bated, and mechanically ventilated with room air. The heart was ex- 
posed aseptically via a left thoracotomy, and a 1-cm-diameter 
aluminum rod, precooled with liquid nitrogen, was placed in direct 
contact with the anterior left ventricle for 15 s. Freeze-thaw reproduc- 
ibly caused a disc-shaped region of coagulation necrosis, ~ 1 cm in di- 
ameter, extending ~ 2 mm into the myocardium. It should be noted 
that while infarcts typically have irregular borders with viable penin- 
sulas of subepicardial myocardium along penetrating vessels, freeze- 
thaw lesions consist of confluent necrosis in the subepicardium with 
viable myocardium in the subendocardium. Because they are not 
transmural, freeze-thaw lesions do not cause cardiac aneurysm for- 
mation. Despite these differences, the cellular patterns of coagulation 
necrosis, inflammation and phagocytosis, granulation tissue forma- 
tion, and scarring after freeze-thaw injury are indistinguishable from 
myocardial infarction (11-13), making it a suitable model to study 
myocardial repair. 

In the initial studies, ~ 3 x 10 6 myoblasts in 100 u.1 tissue culture 
media were injected superficially into the center of the injured region 
immediately after injury, using a 27-gauge needle. Then, the chest 
was closed and the rats were allowed to recover for timed intervals 
from 1 d to 3 mo (n = 4/time point). To mimic a clinical situation 
more closely, a second protocol was used in which the freeze-thaw le- 
sion was allowed to heal for 1 wk before transplanting myoblasts. By 
1 wk, most of the necrotic myocardium had been replaced by granula- 
tion tissue, but scar formation had not yet begun. The rats (n - 2/time 
point; no 3 d or 3 mo lime points) were reanesthetized and a thora- 
cotomy was repeated. The heart was exposed and a 100-u.l suspension 
containing ~3 x 10 h myoblasts was injected into the wound as de- 
scribed above. The chest was closed and the animals were allowed to 
recover for intervals from 1 d to 7 wk. 

To detect DNA synthesis in the grafts the rats were treated with 
the thymidine analogue 5-bromo-2'-deoxyuridine (BrdU) 1 (Boch- 
ringcr-Mannhcim, Indianapolis, IN). 1 d before time of killing, the 
rats were lightly anesthetized, and a 50-mg tablet of BrdU was im- 
planted subcutaneously for measurement of cell replication. Prelimi- 
nary studies showed that a subcutaneous 50-mg BrdU tablet gave 
comparable replication rates to a 24-h continuous infusion with an os- 
motic mini-pump (not shown). For rats killed 1 d after transplanta- 
tion, a single 10-mg pulse of BrdU was given intraperitoneally I h be- 
fore lime of killing. This avoided incorporation of BrdU into the cells 
which were cycling at the time of transplantation. 

Rats were killed with a pentobarbital overdose and their hearts 
were excised. In the immediate transplantation groups, the aorta was 
cannulated and the hearts were perfusion fixed with methyl Carnoy's 
solution (60% methanol. 30% chloroform. 10% glacial acetic acid), 
transversely sectioned, and embedded in paraffin by routine meth- 
ods. In groups transplanted 1 wk after injury, the hearts were trans- 
versely sectioned, embedded in OCT (Miles Inc., Kankakee, IL), and 
frozen in a dry ice-ethanol bath for frozen section analysis. In both 
protocols, sections of gut were obtained as controls for measurement 
of cell replication with BrdU. 



1. Abbreviations used in this paper: BrdU, 5-bromo-2'deoxyuridine; 
MHC. myosin heavy chain. 



Measurement of contractile function in isolated wound strips. Rat 
hearts were given 4.5 x 10 6 myoblasts (n - 8) in 100 p.1 or a sham in- 
jection of saline (n = 3) immediately after injury. 2 wk after engrafting, 
the hearts were excised and transversely sectioned. Under a dissecting 
microscope, most of the subendocardial myocardium was trimmed away 
from the injured region, and isolated wound strips (^1.5 x 1.5 x 8 mm) 
were prepared. One or two strips were studied from each myoblast- 
engrafted heart, and two or three strips were studied from each sham- 
injected heart. The strips were ligated at both ends with silk suture 
and then placed in a bath of physiological saline with the following 
composition (mmol/liter): 116 NaCl, 4.6 KC1. 1.2 MgS0 4 , 2.5 CaCI 2 , 
26 Mops (pH 7.4), 1 1 glucose, and 10 mg/liter gentamicin. The buffer 
was equilibrated with 95% 0 2 /5% C0 2 and maintained at 20°C via a 
thermostatically controlled water jacket. Wound strips were mounted 
between an isometric force transducer (model 60-2995; Harvard Ap- 
paratus, Inc., South Natick, MA) and a fixed glass hook. Resting ten- 
sion was set initially at 0.5 g. Strips were stimulated with I-ms bipolar 
pulses delivered via platinum wire electrodes using a Grass model 
S48 stimulator (Astro-Med, Inc., West Warwick. RI). Voltage was in- 
creased in 10-V increments until contractile activity was observed. 
Force traces were displayed on a digital storage oscilloscope (model 
3091; Nicolet Instrument Corp., Madison. WI) and recorded using a 
General Scanning model RS4-5P strip chart recorder. After deter- 
mining the force-voltage relationship, the optimal length for force 
production was determined for each wound strip using test contrac- 
tions at 2-min intervals, a time sufficient for metabolic recovery in 
mammalian fast twitch muscles (14). Force-frequency analysis was 
performed by increasing the stimulation frequency in 1-Hz incre- 
ments; tetanus was defined as the point where the oscillations of con- 
tractile force at the plateau were < 3% of the net force generated 
(14). Finally, to test fatigability the grafts were subjected to a simu- 
lated cardiac-like duty cycle, consisting of 0.33 s of tetanus followed 
by 0.67 s of relaxation (1:2 cycle), continuing for 6 min. After comple- 
tion of functional studies the strip's cross-sectional area was deter- 
mined, and the tissue then was processed for histology or electron mi- 
croscopy. 

Immunocytochetnistry. Antibodies used for immunostaining are 
given in Table I. 6-p.m frozen sections were cut on a cryostat, briefly 
air dried, and stored at -70°C until use. 5-u.m paraffin sections were 
deparaffinized in xylene and rehydrated in a graded alcohol series. 
Cultured cells were fixed and stored in cold PBS until use. For all 
samples, endogenous peroxidase activity was quenched by incubating 
with 0.3% H ; 0; in methanol for 30 min. Immunostaining was carried 
out at room temperature. Sections were blocked with 1.5% normal 
horse serum in PBS for 1 h. The sections were then incubated with 
the primary antibody in 1,5% horse serum for 1 h, followed by incu- 
bation with the secondary antibody (rat adsorbed horse anti-mouse. 
1:400 dilution: Vector Labs. Inc.. Burlingamc. CA) for 1 h. Antigens 
were localized with an avidin-biotin-pcroxidasc complex (ABC Elite 
kit; Vector Labs). For staining with a single antibody, diaminobenzi- 
dine (Sigma Immunochemicals, St. Louis. MO) was used as a chroma- 
genie substrate. For double immunolabcling with antibodies to myo- 
sin and BrdU. sections were first exposed to 1.5 N MCI for 15 min at 
37°C to denature the DNA. followed by a rinse in 0.1 mol/liter borax 
to stabilize the denatured strands. Sections were then stained rou- 
tinely for myosin heavy chain (MHC) using diaminobenzidine. After 
a second quenching in 0.3% H ; Oi, sections were blocked with 1.5% 
normal horse serum, and then incubated with a mouse monoclonal 
antibody to BrdU for 1 h. After incubation with the secondary anti- 
body (horse anti-mouse), BrdU was localized with an avidin-biotin- 
peroxidase complex, using True Blue (KPL, Gaithersburg, MD) as 
substrate. Cross-reactivity between the first primary antibody and the 
second secondary antibody did not occur, as long as the True Blue 
substrate was incubated for a short duration (< 1 min). Sections were 
counterstained either with methyl green, nuclear fast red, or hema- 
toxylin. 

Electron microscopy. After measurement of contractile function, 
one of the tissue strips was immersed in half strength Karnovsky's fix- 
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Table /. Antibodies Used for Immunocytochemistry 



Antibody 


Antigen recognized 


Dilution 


Source 


Reference 


MF-20 


Sarcomeric MHCs 


Hyb. Sup., 1:100 


American Type Culture Collection, Rockville, MD 


39 


MY-32 


Skeletal MHC-fast (types IIA and IIB) 


Mouse ascites, 1:2000 


Sigma Immunochemicals 


40 


BA-G5 


Cardiac MHC-a 


Hyb. Sup., 1:5 


American Type Culture Collection 


41 


F1.652 


Embryonic MHC 


Hyb. Sup., 1:100 


Developmental Studies Hybridoma Bank* 


42 


A4.951 


(J-MHC 


Hyb. Sup., 1:50 


American Type Culture Collection 


43 


Anti-BrdU 


BrdU 


IgG, 1:50000 


Eurodiagnostics, Apeldoorn, The Netherlands 


44 



/#G, purified IgG monoclonal antibody; Hyb, Sup., hybridoma supernatant. * The monoclonal antibody F1.652, developed in the laboratory of 
Dr. Helen Btau. was obtained from the Developmental Studies Hybridoma Bank maintained by the Department of Pharmacology and Molecular Sci- 
ences, Johns Hopkins University School of Medicine, Baltimore, MD, and the Department of Biological Sciences, University of Iowa, Iowa City. 1A, 
under contract NOl-HD-2-3144 from the National Institute of Child Health and Human Development. 



ative and dissected into small cubes < 1 mm in greatest dimension. 
The tissue was fixed overnight in half strength Karnovsky's fixative,, 
postfixed for 1 h in 1% osmium tetroxide at room temperature, dehy- 
drated through a graded alcohol series followed by propylene oxide, 
and embedded in Medcast resin (Ted Pella, Inc., Redding, CA). 
Semithin sections were stained with toluidine blue and examined by 
light microscopy. Thin sections were cut from selected blocks, stained 
with lead citrate and uranyi acetate, and examined in a Jeol JEM 
1200EXII transmission electron microscope. Representative areas 
were photographed. 

Results 

Characteristics of myoblast cultures. The muscle cultures con- 
tained a mixed cell population. At least 22% of the cells were 
skeletal muscle, as indicated by their staining for sarcomeric 
myosin after switching to a differentiation medium containing 
1.5% serum and no FGF for 3 d. This procedure underesti- 
mates the true percentage of skeletal muscle cells by several- 
fold, since the nonmyogenic cells continue to divide after the 
medium switch while the myoblasts complete their present cell 
cycle and then terminally differentiate. Approximately 1% of 
the cells stained with antibodies to smooth muscle a-actin, 
which can mark either smooth muscle cells or fibroblasts. Vir- 
tually none of the cells stained with an antibody for the endo- 
thelial marker von Willebrand factor. The remaining cells 
were presumably fibroblasts. 

Histology and differentiation patterns of myoblast grafts. 
Cultured skeletal myoblasts were transplanted into cardiac 
freeze-thaw lesions either immediately after injury, or, to 
mimic a clinical situation more closely, cells were transplanted 
1 wk after injury. The two protocols yielded similar results and 
will be described together; minor differences are noted below. 
On the first day after transplantation the myoblasts were 
mononuclear cells (Fig. 1 A). The grafted cells could be distin- 
guished clearly from inflammatory cells within the necrotic tis- 
sue by their larger size and characteristic oval shape. (Fibro- 
blast ingrowth from the surrounding tissue had not yet begun 
at this time.) The identity of the grafted cells was confirmed by 
their cytoplasmic fluorescent microspheres and radioactive nu- 
clei (not shown). Mitotic figures were common. The grafted 
cells did not stain with antibodies to skeletal or cardiac MHCs 
(Fig. I B). Thus, muscle differentiation had not yet occurred. 

By 3 d after transplantation, many of the grafted cells had 
fused to form multinucleated myotubes (Fig. 1 C). Myotubes 
were partially aligned along the short (transverse) axis of the 



heart. The myotubes stained with antibodies to sarcomeric 
MHC, embryonic MHC (Fig. 1 D), and to MHC-fast (not 
shown). Occasional cross-striations were noted, but these were 
not frequent at this time (Fig. I D). The myotubes did not ex- 
press cardiac MHC-a. By 1 wk the grafts were easily recogniz- 
able as skeletal myofibers and many cells contained cross-stria- 
tions. As before, the new myofibers stained with antibodies to 
sarcomeric MHC, embryonic MHC, and MHC-fast, but did 
not express cardiac MHC-a (not shown). By 2 wk after trans- 
plantation the grafts had the appearance of maturing skeletal 
myofibers (Fig. 1 £). Sarcomeres were well formed, and many 
cells had peripheral nuclei. The myofibers stained intensely 
with antibodies to sarcomeric myosin, embryonic MHC (Fig. 1 
F), and skeletal MHC-fast (Fig. 1 G). No staining with cardiac 
MHC-a antibodies was observed at 2 wk. 

At 7 wk after transplantation the grafts were islands of ma- 
ture skeletal muscle within young scar tissue (Fig. 1. H-J). 
There was a moderate increase in cell diameter compared with 
2 wk. None of the muscle grafts were infiltrated or splayed 
apart by scar tissue, nor was there evidence of fiber atrophy. 
Vascular density appeared normal for muscle tissue (Fig. I ./). 
All of the 7-wk grafts stained strongly with antibodies to sarco- 
meric myosin and embryonic MHC (Fig. 1 H). The grafts in- 
jected immediately after injury stained intensely with aniiskel- 
etal MHC-fast. comparable with Fig. I F. In contrast, the grafts 
injected 1 wk after injury stained poorly with anliskcletal 
MHC-fast (see below). No staining with antibodies to cardiac 
MHC-a was observed in the grafts, while the adjacent myocar- 
dium stained intensely (Fig. I /). 

At 3 mo after transplantation the grafts again had the ap- 
pearance of mature skeletal muscle {Fig. I K). Most myofibers 
had peripheral nuclei, and vascular density appeared normal. 
Fiber diameter was generally larger than in the 7-wk group, in- 
dicating that the cells had hypertrophied between 7 wk and 3 
mo (compare Fig. 1. J and K). In one heart, however, part of 
the graft was infiltrated by scar tissue which encircled individ- 
ual myofibers and was associated with fiber atrophy (Fig. 1 L). 
The grafts continued to express embryonic MHC and MHC- 
fast (not shown). Once again, no staining with antibodies to 
cardiac MHC-a was observed (comparable with Fig. 1 /). At 
all time points the myofibers were predominantly aligned par- 
allel with the short (transverse) axis of the heart and therefore 
appeared in longitudinal section. However, some fascicles of 
muscle appeared obliquely or cross-sectioned in this plane. 
In summary, the grafts began to differentiate into myo- 
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Figure /. Morphology and MHC expression in skeletal myoblast grafts. Rat hearts were injured by frceze-thaw and syngeneic skeletal muscle 
cells were grafted into the lesions. All panels in this figure are from hearts which were grafted immediately after injury. (A ) I -d graft. The grafted 
cells are identifiable as relatively large, ova! shaped cells (arrows) within the necrotic myocardium. One graft cell is in mitosis (arrowhead). Nu- 
merous smaller inflammatory cells are present within the lesion. Fibroblast ingrowth from surrounding viable tissue had not yet begun at this 
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tubes between 1 and 3 d and acquired the appearance of ma- 
turing myofibers with well formed sarcomeres by 2 wk. The 
grafts expressed both embryonic MHC and MHC-fast at all 
times between 3 d and 3 mo. There was no expression of car- 
diac MHC-a at any time. 

Electron microscopy. Electron microscopy was performed 
on one heart, 2 wk after myoblast grafting. Most of the grafted 
cells had well formed, slightly contracted sarcomeres which 
were aligned in registry (Fig. 2 A). Mitochondria were abun- 
dant. Multinucleation was evident in many cells, as were well 
formed T-tubules. However, in other cells a spectrum of mor- 
phological stages was present, consistent with developing skel- 
etal muscle (Fig. 2 B). Cells at the earliest stage were small, 
had scanty myofibril content, and contained focal aggregations 
of electron-dense material suggestive of developing Z-discs. In 
these cells there were abundant ribosomes and glycogen, a 
prominent Golgi apparatus, and dilated segments of sarcoplas- 
mic reticulum. Intermediate cells were larger and had increas- 
ing amounts of myofibrils with a corresponding decrease in 
ribosomes and glycogen. Some cells had well formed sarco- 
meres, but these were out of registry compared with the most 
mature cells. No intercalated discs were identified between 
cells in the graft region. Adjacent myofibers often had inti- 
mately apposed, interdigitating cell membranes. Occasional 
cells were identified with electron-dense membrane structures 
suggestive of intermediate adherens junctions and gap junc- 
tions (Fig. 2, C and D). Some mature myofibers were closely 
associated with mesenchymal cells, located within the basal 
lamina compartment of the myofiber. Their location within the 
basal lamina of the myofiber suggests that they might be new 
satellite stem cells (Fig. 2, E and F). Some of these mesenchy- 
mal cells had abundant rough endoplasmic reticulum, similar 
to fibroblasts. Cells with this morphology have also been de- 
scribed in regenerating skeletal muscle by Trupin et al. (15). 
Their location within the basal lamina of the myofiber and the 



absence of collagen in this space make it unlikely that these 
cells are actually fibroblasts. 

Myoblast grafts convert from fast to slow twitch fibers. 
The poor staining for MHC-fast in the 7-wk group with de- 
layed transplantation seemed at variance with the morphology 
of the grafts, which showed relatively hypertrophic cells with 
well formed sarcomeres. We hypothesized that the grafts had 
undergone fiber type conversion to slow twitch muscles, which 
no longer expressed high levels of MHC-fast. Slow twitch fi- 
bers have physiological similarities to cardiac muscle, includ- 
ing a high capacity for oxidative phosphorylation and fatigue 
resistance. Furthermore, slow fibers use p-MHC as a major 
contractile protein, which is also the predominant myosin in 
developing rat hearts. In contrast, fast twitch fibers use glycol- 
ysis for ATP production, have a low aerobic capacity and fa- 
tigue rapidly, and do not express p-MHC (16). Therefore, we 
compared p-MHC expression with skeletal MHC-fast, to de- 
termine fiber types in the maturing grafts. 

At 1 wk the grafts stained intensely for MHC-fast (Fig. 3 A ) 
but did not stain with an antibody to P-MHC (Fig. 3 B). At 

2 wk the grafts continued to express MHC-fast. In the group 
transplanted immediately after injury no expression of p-MHC 
was noted at 2 wk, yet in grafts transplanted 1 wk after injury 
some cells expressed p-MHC (not shown). Al 7 wk after trans- 
plantation the two groups differed in expression of MHC-fast, 
with strong staining in the immediate transplant group (see 
Fig. 1 G) and weak staining in the group where transplantation 
was delayed for 1 wk after injury (Fig. 3 C). However, both the 
immediate and delayed transplantation groups exhibited ex- 
tensive staining for P-MHC at 7 wk after transplantation (Fig. 

3 D). At 3 mo there was continued expression of p-MHC and 
MHC-fast in the immediate transplantation group; we did not 
study the delayed transplantation protocol at 3 mo. Thus, myo- 
blast grafts appeared lo be undergoing conversion from fast 
twitch to slow twitch fibers. Conversion appeared to take place 



time. Hematoxylin and eosin slain. x800. (B) Low magnification of 1-d graft stained for embryonic MHC. The freeze-thaw lesion {Wound) oc- 
cupies approximately the upper 75% of the field, while residual subendocardial myocardium (Myo) is present in the lower 25%. None of the 
grafted cells express embryonic MHC, indicating no differentiation had taken place yet. Methyl green counlerstain. xXO. (C) 3-d graft. Multiple 
multinucleated myotubes (MT) are present. Note that myotubes are already aligned in parallel. The surrounding tissue contains numerous fibro- 
blasts (some of which may be of graft origin), macrophages, and ca gj^aries . characteristic of granulation tissue. Two mitotic figures are present 
at the lower right {iinowlwads). Hematoxylin and eosin stain. xXOU. {[)) 3-d graft stained for emiHwmie MHC. The multinucleated myoiuhes 
{MT) express embryonic MHC. indicated by brown staining. Note faint cross-strialions present at the periphery of some myotubes {arrowheads). 
Comparable staining was seen using antibodies to MHC-fast (not shown). Methyl green counlerstain. x800. (£) 2-wk graft. Multinucleated my- 
ofibers are present and many have peripherally placed nuclei {arrows): most of these nuclei appear to he within the sarcolemma. although some 
may be immediately external. Cross-siriations were readily seen under the microscope but appear (aim in the photograph. Hematoxylin and 
eosin staining. x80(). {F) 2-wk graft stained for embryonic MHC. The myofibers of the graft stain vigorously for embryonic MHC. while the un- 
derlying granulation tissue {Wound) and subendocardial myocardium {Myo) do not slain. Methyl green counlerstain. x80. (G) 2-wk graft 
stained for fast fiber isoforms of MHC. There is intense staining of the engrafted myofibers {Cra ft), indicating that they exhibit a fast twitch phc- 
notype. Note that the residual myocardium {Myo) beneath the graft does not stain, nor does the granulation tissue of the injured region 
{Wound). X80. (A/) 7-wk graft stained for embryonic MHC. The graft continues to stain vigorously for embryonic MHC. There is no staining in 
the underlying young scar tissue {Wound) or the residual subendocardial myocardium {Myo). Methyl green counlerstain. X80. (/) 7-wk graft 
stained for cardiac MHC-a. The skeletal myofibers of the graft do not express MHC-a, nor does the underlying scar tissue (Wound). This indi- 
cates that the grafted skeletal muscle does not show cardiac differentiation. The subendocardial myocardium (Myo) stains vigorously for 
MHC-a. Methyl green counlerstain, x80. (J) 7-wk graft. Mature myofibers are present. Most myofibers have peripheral nuclei. Cross-striations 
were readily apparent under the microscope, but again are faint in the photograph. Multiple capillaries are present within the muscle tissue (or- 
rows). Hematoxylin and eosin stain. x800. (K) 3-mo graft. The myofibers (obliquely and cross-sectioned) have peripheral nuclei and are closely 
apposed with little intervening extracellular matrix. The myofibers are hypertrophic compared with the 7-wk grafts (compare fiber diameter with 
J). Most 3-mo grafts had this appearance. Hematoxylin and eosin slain. X800. (L) 3-mo grail. The myofibers (cross-sectioned) in this region are 
encased by dense scar tissue and are atrophic. Note the markedly diminished cell diameters compared with K. Such entrapment of myofibers by 
scar was seen in one region of one heart. Hematoxylin and eosin stain. X800. 
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figure 2. Transmission electron micrographs of 2-wk-old myoblast graft. The graft was placed immediately after cardiac freeze -(haw injury. (A) 
Low magnification overview showing well differentiated, striated skeletal myofibcrs (MF) within a collagen-rich matrix. A small venule (V) is 
shown at the left aspect. Nu % nucleus. Bar, 5 u.m. (/i) Moderately differentiated skeletal myofiher containing two nuclei (Ntt). a modest comple- 
ment of myofibrils (mf) % and abundant ribosomes and sarcoplasmic reticulum between the nuclei. The sarcolcmma is delimited by arrowheads. 
Bar, I |i.m. (C) Intercellular junction formation between adjacent myofibcrs. The two cells have closely apposed and interdigitaled membranes. 
Two electron-dense plaques between the cells are present within the boxed region, suggestive of an adherens type intermediate junction and a 
gap junction, shown at higher magnification in D. Bar. 1 u.m. (O) Higher magnification of the junctional region boxed in C. showing putative in- 
termediate junction between adjacent myofibers (solid arrow) and gap junction (open arrow). Bar, 0.5 u.m. (E) Skeletal myofibcr (Mh~) with 
closely apposed mesenchymal cell atop it, suggestive of a satellite cell (SC). The boxed region is shown at higher magnification in F. Bar, 2 ^m. 
(F) Higher magnification of region boxed in £. The putative satellite cell (SC) and the myofibcr (MF) are contained within the same basal lam- 
ina compartment (B L, outlined by arrowheads). Although the cell has abundant rough endoplasmic reticulum, its location within the basal lam- 
ina of the myofiher and the absence of fibrillar collagen from this space make it unlikely that this is a fibroblast. Bar. 1 fxm. 



more rapidly when cells were transplanted into an injury with 
more advanced healing. 

Proliferation of myoblast grafts. To identify cells undergo- 
ing DNA synthesis, the thymidine analogue BrdU was admin- 



istered for 24 h before time of killing in most groups; animals 
in the day I group received a single pulse of BrdU 1 h before 
time of killing. Double immunostaining was performed with 
antibodies to the fast isoform of MHC and to BrdU, to delect 
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Figure Fiber type conversion and proliferation of engrafted skeletal myoblasts. For the fiber typing experiments, rat hearts were injured by 
freezc-thaw and the lesions were allowed to heal for 1 wk. Syngeneic skeletal myoblasts were engrafted into the 1-wk-old wounds. For studies of 
cell proliferation, myoblasts were engrafted immediately after cardiac injury. Rats were killed at the indicated limes after transplantation. Anti- 
bodies specific to fast twitch (MHC-fast) and slow twitch ((J-MHC) fibers were used to define fiber types. Processing for frozxn sections in A-D 
resulted in formation of contraction bands, artifactual clumping of the sarcomeres due to hypercontracture. BrdU was administered 24 h before 
time of killing to detect DNA synthesis. Double immunostaining for BrdU and MHC was then performed on paraffin sections. Appearance of a 
BrdU-positive nucleus within a myosin-positive cell indicated the myoblast had replicated and fused inio the myotube within the last 24 h. (A ) 
1 -wk graft stained for fast fiber isoforms of MHC. There is intense staining of the engrafted cells, indicating a fast fiber phenotype. Hematoxylin 
counterstain. x%0. (£J) 1-wk graft stained with an antibody to the slow fiber-specific p-MHC None of the grafted cells express p-MHC at this 
time, indicating that the cells show no characteristics of slow fibers. Methyl green counterstain. X960. (C) 7-wk graft stained with an antibody to 
MHC-fast. There is weak staining compared with the 1 -wk graft (A ). Methyl green counterstain. x%0. (O) 7-wk graft stained with an antibody 
to p-MHC. The grafted cells now express p-MHC, indicating that they are acquiring a slow fiber phenotype (compare with 8). Methyl green 
counterstain. x%0. (E) 3-d graft doubly stained for BrdU (purple) and MHC-fast (brown). One nucleus within the myotube stains purple (ar- 
row) t indicating it has undergone DNA replication before fusion into the myotube. The remaining nuclei in the myotube do not contain BrdU 
and pick up the red counterstain. Numerous myosin-negative cells in the surrounding wound tissue also stain positively for BrdU. Nuclear fast 
red counterstain. x2,400. 
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Figure 4. Contractile function 
of myoblast grafts ex vivo. 
Wound strips from injured 
hearts receiving either skeletal 
myoblasts or a sham saline in- 
jection were excised at 2 wk. 
Wounds were mounted on an 
isometric tension myograph in 
oxygenated buffer and electri- 
cally stimulated. The carats in- 
dicate the onset of electrical 
stimulation. Force has been 
normalized to cross-sectional 
area. (A) The first panel shows 
individual muscle twitch in a 
myoblast-injected wound. Note 
the rapid contraction and relax- 
ation rates. The second panel 
shows that individual twitches 
began to superimpose with a 
stimulation frequency of 4 Hz, 
with a resulting potentiation in 
developed tension. The third 
panel shows that tetanus was in- 
duced with stimuli > 7 Hz. Note 
the further increase in tension 
compared with the 4-Hz stimu- 
lation. Time to peak force in 
this preparation was~ 1 s, 
faster than was typically ob- 
served for the overall group. 
The fourth panel shows that no 
tension was developed at any 
voltage in a sham-injected 
wound. This tracing is represen- 
tative of six wound strips from 
three sham-injected hearts. (B) 
Force-voltage relationship. De- 
veloped tension for individual 
twitches increased as stimuli in- 
creased from 30 to 100 V, indi- 
cating recruitment of addi- 
tional myofibers. Data have 
been normalized to maximal 
developed tension and arc pre- 
sented as rnean±SEM of eight 
wound strips from six hearts. 
(C) Fatigue test. Wounds con- 
laiuing myoblast grafts were 
subjected to a cardiac-like duty 
cycle, consisting of repeated ep- 
isodes of 0.33 s of tetanus/0.A7 s 
of rest, to mimic a heart rate of 
60 beats/min. There was a 53% 
decrease in developed tension 
at the end of the 6-min test. 
Note that most of the diminu- 
tion in force occurred during 
the first 3 min. Data represent 
mean^SEM of seven wound 
strips from five hearts. 



myoblasts which had proliferated and subsequently differenti- 
ated. In the day 1 grafts, proliferating cells were present within 
the necrotic lesion, which could have represented either graft 
cells or macrophages. As mentioned above, none of the cells 



expressed MHC at this time, so it was not possible to deter- 
mine which among these were myoblasts (versus transplanted 
fibroblasts or host macrophages). In the day 3 grafts, occa- 
sional BrdU-positive nuclei were identified within myosin-pos- 
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itivc cells (Fig. 3 £). We observed a total of 12 such nuclei in 
three hearts. No attempt was made to quantify this low rate, 
but it was certainly < 1 % of total nuclei in myosin-positive 
cells. Virtually no BrdU-positive nuclei were seen in myosin- 
positive cells at 1, 2, or 7 wk after transplantation (not shown). 
We conclude that myoblast proliferation occurs for at least 3 d 
after grafting, but by 1 wk virtually all cells have ceased repli- 
cating. 

Contractile function of myoblast grafts. The contractile prop- 
erties of 2-wk-old myoblast grafts were determined by attach- 
ing isolated wound strips to a tension myograph ex vivo. Virtu- 
ally no spontaneous mechanical activity was detected, consistent 
with the paucity of cardiomyocytes histologically. Electrical 
stimulation caused muscle twitches in six of eight myoblast- 
engrafted hearts (Fig. 4 A, first panel); strips from the remain- 
ing two hearts may have been damaged during sample prepa- 
ration, since skeletal muscle was present histologically. The 
grafts showed a stepwise increase in tension development as 
voltage was increased from 30 to ~ 100 V with a plateau there- 
after (Fig. 4 B). This indicates that increasing voltage recruited 
additional myofibers to contract, implying that the graft myofi- 
bers are electrically insulated from one another. It should be 
noted that cardiac muscle does not increase contractile force 
with increasing voltage, since cardiocytes are coupled electri- 
cally via gap junctions. 

Next, force-frequency relationships were determined. Us- 
ing 120% of the voltage required for maximal tension develop- 
ment, the frequency of stimulation was increased incremen- 
tally from 0.5 to 10 Hz. Twitches began to superimpose at 
frequencies of 3-4 Hz, with a resulting increase in total devel- 
oped tension (Fig. 4 A, second panel). Fully fused tetani were 
produced with 6-7 Hz stimulation (Fig. 4/4, third panel). Peak 
force during tetanus was 1.98±0.45 grams (mean SEM); after 
normalization to cross-sectional area the peak force was 
0.72 ±0.1 4 grams/mm 2 . The time to peak tetanic force averaged 
2.3±0,3 s, although 90% of peak force was typically generated 
within 1.5 s. The time to half-relaxation after tetanus was 
240±17 ms. It should be stressed that tetanus cannot be in- 
duced in cardiac muscle, due to the long refractory period of 
cardiocytes. 

Finally, a fatigue test was performed to test the response of 
this muscle to a cardiac-like work load. The grafts were sub- 
jected to a duty cycle consisting of repeated 0.33 s of tetanic 
stimuli followed by 0.67 s of rest, mimicking a heart rate of 60 
bcats/min. The grafts showed a 32% decline in developed ten- 
sion by 2 min and a 53% decline by the end of the 6-min test 
period (Fig. 4 C). No contractile activity could be elicited from 
six of seven wound strips from three injured hearts which re- 
ceived a sham injection of saline instead of myoblasts (Fig. 4 A, 
fourth panel). In one sham heart an adhesion had developed 
between the heart and chest wall, resulting in a small amount 
of intercostal muscle adhering to one of the two wound strips. 
In this preparation we detected a peak force of 0.04 grams/ 
mm 3 . < 2% of what was present in the myoblast-engrafted 
hearts. 

Thus, the skeletal muscle grafts could be stimulated to con- 
tract ex vivo and could sustain a cardiac-like duty cycle over a 
6-min test period. Furthermore, the grafts showed two physio- 
logical properties unique to skeletal muscle: recruitment of fi- 
bers with increasing voltage and the ability to sustain tetanic 
contraction. We do not know yet whether the grafts contract in 
vivo. 



Discussion 

The principal findings of this study are: (a) neonatal skeletal 
myoblasts can be grafted into an injured heart; (b) the en- 
grafted myoblasts initially proliferate and then begin to form 
multinucleated myotubes by day 3; (c) the myotubes differen- 
tiate into mature myofibers, which initially have a phenotype 
similar to fast twitch muscle; (d) the myofibers develop charac- 
teristics of slow twitch muscle as the wound heals; (e) the new 
muscle may form satellite stem cells; and (/) the new muscle 
can be stimulated to contract ex vivo. 

Strategies for muscle regeneration after myocardial injury. 
In principal, there are at least three strategies to induce muscle 
regeneration after myocardial infarction. First, the surround- 
ing cardiac myocytes could be stimulated to migrate into the 
wound and proliferate to repair the defect. There is evidence 
that a limited amount of cell replication by adult cardiocytes 
occurs naturally after myocardial infarction in humans (17) 
and in rats (18, 19), but the response is clearly not adequate to 
repair the defect. The factors responsible for cell cycle arrest in 
cardiocytes are not well enough defined at present to begin ex- 
ploring this as a therapy. (The interested reader is referred to 
references 20-23 for further information on this topic.) 

A second strategy is to induce the cells of cardiac granula- 
tion tissue (the fibroblast-rich tissue of wound repair) to differ- 
entiate into muscle rather than forming a scar. There is not 
enough known about cardiac differentiation at present to at- 
tempt formation of new myocardium. However, much more is 
known about skeletal muscle determination. The discovery of 
myogenic determination genes (24, 25) has made it possible to 
induce a wide range of cultured cell types to differentiate into 
skeletal muscle. Recent studies from our group (26) and others 
(27) have shown that cells in cardiac granulation tissue can be 
induced to differentiate into skeletal muscle by transfection 
with the prototype myogenic determination gene, MyoD. In 
these early experiments, however, the frequency of muscle dif- 
ferentiation has been low after MyoD gene transfer. Until the 
frequency of myogenic conversion can be increased, it will be 
difficult to investigate the functional properties of the MyoD- 
induced skeletal muscle. 

The third strategy for muscular repair of infarcts is to trans- 
plant either skeletal or cardiac myoblasts into the injured re- 
gion. Studies by Koh et al. (3) and Soonpaa et al. (2) have 
demonstrated that fetal cardiocytes will form intercalated discs 
with host cardiocytes. including gap junctions and adherens 
junctions, when transplanted into normal hearts. No prolifera- 
tion was detected in the grafted cardiocytes. Less information 
is available on grafting of cardiocytes into injured hearts. Our 
group (28) and others (29, 30) have preliminary data showing 
that neonatal rat or fetal human cardiocytes can be trans- 
planted successfully into injured rat hearts. To our knowledge 
there is no information regarding proliferation of these grafts, 
nor are any functional data available. As discussed above, the 
principal limitation to this approach is the inability to induce 
cardiocytes to proliferate in culture. Until cardiocytes can rep- 
licate in vitro, or proliferation-competent cells can be induced 
reliably to differentiate into cardiocytes. cardiocyte grafting 
will not be feasible in humans. 

In contrast to cardiocytes, proliferating skeletal muscle pre- 
cursors arc readily available, either as primary myoblasts in 
developing muscle or as satellite cells from quiescent muscle. 
In this study six rat pups yielded the myoblasts implanted into 
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27 injured hearts. In addition to their growth in culture, the 
myoblasts proliferated in vivo for several days after transplan- 
tation (Fig. 3 £). These properties have led us and several 
other groups to explore skeletal muscle grafting for cardiac re- 
pair. Koh et al. (7) demonstrated that the myogenic cell line 
C2C12 could be transplanted into the hearts of normal synge- 
neic mice, where the cells fused to form multinucleated myofi- 
bers. The same group also demonstrated that C2C12 cells sta- 
bly transfected with a plasmid encoding active TGF-g could 
induce angiogenesis around the graft site (31). No coupling be- 
tween the host cardiocytes and the grafted skeletal muscle was 
observed in either experiment. 

Chiu et al. (8, 9) transplanted autologous satellite cells into 
cardiac freeze-thaw lesions in dogs. Comparable with our 
study, they also found that the grafts formed muscle cells 
within the healing lesion. In distinction to the current study, 
however, they hypothesized that their grafted skeletal muscle 
cells differentiated into cardiac muscle, via "milieu-dependent 
effects." The evidence for a cardiac phenotype was that some 
cells within the grafts had central rather than peripheral nuclei, 
and some cells contained refractile transverse structures under 
light microscopy interpreted to be intercalated discs. Although 
we observed some myofibers with persistent central nuclei in 
this study, as well as rare cells showing intermediate and gap 
junctions (Fig. 2, C and D), no intercalated discs were present 
by electron microscopy. More importantly, the grafted cells ex- 
pressed skeletal muscle-specific proteins and failed to express 
the cardiac-specific isoform MHC-a up to 3 mo after trans- 
plantation. Thus, there clearly was no cardiac differentiation in 
this study. 

Conversion of grafts from fast to slow twitch muscle. Al- 
though the skeletal muscle grafts expressed the fast fiber iso- 
form of MHC at 1 and 2 wk, they expressed P-MMC, a marker 
for slow twitch fibers, at 7 wk and 3 mo. This indicates that the 
grafts were converting to slow twitch fibers. Conversion was 
apparently more rapid when the myoblasts were injected into 
wounds where healing had been allowed to progress for 1 wk, 
as opposed to immediately after injury. In the delayed trans- 
plantation model the grafts expressed p-MHC at 2 wk, while in 
the immediate transplantation model this protein was not de- 
tected until 7 wk. It is possible that the growth factors and cy- 
tokines present in the early wound delay myoblast differentia- 
tion and subsequent fiber type conversion. 

Slow fibers exhibit several important differences from fast 
fibers, including a slower shortening velocity, use of oxidative 
phosphorylation for ATP production, a higher mitochondrial 
content, a higher myoglobin content, and a much greater resis- 
tance to fatigue (16. 32). An interesting parallel is thai the 
lalissimus dorsi muscle also undergoes fiber type switching 
when it is conditioned for dynamic cardiomyoplasty. Cardio- 
myoplasty is an experimental therapy for heart failure, where 
skeletal muscle is wrapped around the heart to serve as a ven- 
tricular assist device (33). Untrained lalissimus dorsi is a mixed 
fiber type muscle which fatigues rapidly with repeated stimula- 
tion. When conditioned by repeated electrical stimulation for 6 
wk before surgery, however, the latissimus dorsi converts en- 
tirely to slow twitch fibers and becomes fatigue resistant (6). 
Only the conditioned, slow twitch muscle is able to assist car- 
diac function. This parallel suggests the intriguing possibility 
that repeated electromechanical stimulation leads to activation 
of the slow fiber phenotype. Since we did not test whether the 
environment of the heart contributed to fiber type conversion. 



additional experiments will be required to determine the 
mechanism. The fact that the grafts differentiated into slow 
twitch fibers suggests that they may be suited to perform a car- 
diac type work load. 

Will skeletal muscle transplantation augment cardiac func- 
tion? This study definitively showed that myoblast grafting 
can generate new contractile tissue. The skeletal muscle grafts 
exhibited characteristic twitches when stimulated ex vivo (Fig. 
4 A) and showed recruitment of contractile units with increas- 
ing voltage (Fig. 4 B). Furthermore, tetanus could be induced 
with rapid stimulation (Fig. 4 /\, second and third panels), and 
the grafts could perform a cardiac-like duty cycle for 6 min 
(Fig. 4 C). Peak force during tetanus averaged 0.7±0.1 grams/ 
mm 2 . Since the wound strips contained < 50% of the myofiber 
content of normal muscle, due to inclusion of scar tissue, the 
force can be normalized to at least 1.4 grams/mm 2 muscle. 
Adult mammalian muscle can generate 15-35 grams/mm 2 
force at tetanus, depending on fiber type (14, 34). Thus, the 2-wk 
grafts generated ~ 4-10% of the predicted force for mature 
skeletal muscle. Several factors may cause a lower than pre- 
dicted force, including the relative immaturity of the 2-wk my- 
ofibers, stretching of the immature extracellular matrix, poor 
cell matrix attachments, or misalignment of some fibers rela- 
tive to the axis of the wound strip. 

Although preliminary, these results are encouraging and 
suggest that more detailed studies of contractile function are 
warranted in skeletal myoblast-engrafted hearts. A critical 
question is whether the skeletal muscle grafts contract in vivo. 
To provide coordinated mechanical assistance, the grafted 
cells ideally should form electrical and mechanical junctions 
with the host myocardium. In our grafts the skeletal muscle 
cells were insulated from the remaining myocardium by scar 
tissue, so there was no opportunity for myofiber-cardiocytc 
coupling to occur. Koh et al. (7) transplanted C2C12 myoblasts 
into normal mouse hearts and observed no cell junctions be- 
tween grafted myofibers and host cardiocytes by electron mi- 
croscopy. Although proliferating myoblasts have been reported 
to synthesize both gap junction proteins (35) and /V-cadhcrin 
(36, 37), these proteins are typically absent from adult skeletal 
myofibers. By electron microscopy we observed evidence both 
for intermediate and gap junction formation between skeletal 
myofibers 2 wk after grafting (Fig. 2, C and D). This finding 
was infrequent, however, and it is unknown whether such junc- 
tions would persist in longer term grafts. If skeletal muscle will 
not couple spontaneously with cardiac muscle, it is possible 
that such junctions could be induced by stably transfecting 
skeletal muscle cells with genes for cardiac junctional proteins. 
Another possibility is thai skeletal muscle grafts could be elec- 
trically paced in synchrony with the cardiac cycle. Pacing 
would require sufficient voltage to activate all of the fibers, 
and currently it is unknown whether this would have a delete- 
rious effect on the surrounding myocardium. 

In the uninjured heart there is a complex fiber geometry, 
where the outer fibers run in the long axis, the midwall fibers 
run in the short axis, and the inner fibers again run in the long 
axis. This geometry is established during embryogenesis and is 
thought to be important for mechanical efficiency. In this 
study, the grafted myofibers were predominantly aligned with 
the short (transverse) axis of the heart. Alignment was noted 
as early as day 3, when myotube formation was prominent 
(Fig. 1 C). This is the same orientation that wound fibroblasts 
and collagen fibers acquire during wound healing, and it seems 
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likely that all arc aligned by local mechanical forces. It is not 
known whether alignment with the heart's short axis will influ- 
ence the ability of these myofibers to restore mechanical func- 
tion after injury. 

There are two aspects of skeletal muscle which theoreti- 
cally could make it superior to cardiac muscle for infarct re- 
pair. First, skeletal muscle is much more resistant to ischemia 
than cardiac muscle. Skeletal muscle can withstand many 
hours of severe ischemia without becoming irreversibly in- 
jured, whereas in myocardium irreversible injury begins within 
20 min (38). A second difference is that skeletal myoblast 
grafts might establish satellite cells. Satellite cells are the resi- 
dent stem cells in skeletal muscle and proliferate in response to 
injury. Once activated, satellite cells can fuse with damaged 
myofibers or establish new myofibers to replace those lost to 
necrosis. We observed cells within 2-wk grafts which were 
morphologically consistent with satellite cells by electron mi- 
croscopy (Fig, 3, E and F). Thus, it is possible that infarcts re- 
paired with skeletal myoblasts might become more resistant to 
a subsequent episode of ischemia or might be able to replace 
myofibers damaged by ischemia. 
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Regeneration of Human Infarcted Heart 

Muscle by Intracoronary Autologous Bone Marrow 

Cell Transplantation in Chronic Coronary Artery Disease 

The IACT Study 

Bodo E. Strauer, MD,* Michael Brehm, MD,* Tobias Zeus, MD,* Thomas Bartsch, MD,* 
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OBJECTIVES Stem cell therapy may be useful in chronic myocardial infarction (MI); this is conceivable, but 

not yet demonstrated in humans. 
BACKGROUND After acute Ml, bone marrow- derived cells improve cardiac function. 
METHODS We treated 18 consecutive patients with chronic Ml (5 months to 8.5 years old) by the 

intracoronary transplantation of autologous bone marrow mononuclear cells and compared 

them with a representative control group without cell therapy. 
RESULTS After three months, in the transplantation group, infarct size was reduced by 30% and global 

left ventricular ejection fraction ( + 15%) and infarction wall movement velocity (+57%) 

increased significantly, whereas in the control group no significant changes were observed in 

infarct size, left ventricular ejection fraction, or wall movement velocity of infarcted area. 

Percutaneous transluminal coronary angioplasty alone had no effect on left ventricular function. 

After bone marrow cell transplantation, there was an improvement of maximum oxygen 

uptake (Vo 2maj{ , +11%) and of regional l8 F-fluor-dcsoxy-glucose uptake into infarct tissue 

( + 15%). 

CONCLUSIONS These results demonstrate that functional and metabolic regeneration of infarcted and 
chronically avital tissue can be realized in humans by bone marrow mononuclear cell 
transplantation. 0 Am Coll Cardiol 2005;46:1651-8) © 2005 by the American College of 
Cardiology Foundation 



Cardiac performance after myocardial infarction (MI) is 
compromised by ventricular remodeling, which represents a 
major cause of late infarct-related chronic heart failure and 
death (1,2). Although conventional drug therapy (e.g., with 
beta-receptor blockers and/or angiotensin-converting en- 
zyme inhibitors) may delay remodeling, there is no basic 

See page 1659 



therapeutic regimen available for preventing or even revers- 
ing this process. By the use of interventional therapeutics 
(percutaneous transluminal coronary angioplasty [PTCA], 
stent), recanalization of the occluded infarct-related artery is 
possible, thereby improving or normalizing coronary blood 
flow. However, despite sufficient reperfusion of infarcted 
tissue, the viability of the infarcted myocardium cannot, or 
can only insufficiently, be improved in most of these patients 
(3). Therefore, catheter-based therapy of acute MI is useful 
for vascular recanalization, but the second and crucial step, 
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the regeneration of necrotic heart muscle, is not realized by 
this vascular procedure alone. 

Experimental (4) and clinical (5,6) studies have shown 
recendy for the first time that bone marrow mononuclear 
cells (BMCs) may regenerate damaged myocardium in acute 
MI in humans. Because the regenerative potential of bone 
marrow-derived cells ought also to be expected to exist in 
chronically ischemic heart disease as well (7-12), we have 
assembled in an ongoing clinical investigation 18 patients 
with chronic MI to prove this new therapeutic possibility. 

METHODS 

Study population. All 18 patients (49 ±11 years) were 
men and were recruited consecutively from January 2003 
until March 2004, They had had transmural MI 27 ± 31 
months before, at which point all infarcts had been treated 
acutely by PTCA and/or stent implantation (Tabic 1 , Fi g. 1 ). 

The inclusion criteria were age <70 years, one- vessel 
disease with an open infarct-related artery at the time of 
stem cell therapy, sinus rhythm, a clear-cut demarcation of 
the ventriculographic infarct area, and no coronary bypass 
surgery. General exclusion criteria were severe comorbidity 
and alcohol or drug dependency. Although chronically 
infarcted myocardium usually does not regenerate sponta- 
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Abbreviation 


s and Acronyms 


BMC 


= bone marrow mononuclear cell 


CPK 


ViO Ul II. L/JlK/OLJilUJUj I OOC 


ECG 


— electrocardiogram 


LV 


— left ventricular 


MI 


- myocardial infarction 


PET 


= positron emission tomography 


PTCA 


= percutaneous transluminal coronary 




angioplasty 


Tx group 


= transplantation group 



neously, for comparison a control group, parallel to the 
recruitment of the stem cell transplantation group (Tx 
group), was recruited and analyzed, meeting the same 
inclusion criteria as the stem-cell group. The recruitment of 
patients was performed according to a randomization pro- 
cedure in which all patients of the entire chronic infarction 
group were distributed to the treatment group, where they 
agreed with all the therapeutic regimen. Alternatively, all 
patients of the chronic infarction group who refused the 
therapeutic regimen (bone marrow puncture and aspiration, 
intracoronary cell transplantation, and another cardiac cath- 
eterization) were allocated to the control group. All medi- 
cations with angiotensin -converting enzyme inhibitors and 
with beta receptor blockers were maintained constant dur- 
ing the study period. 

The cell- treated patients had stable ventricular dynamics 
for infarct size, ejection fraction, and wall movement velocity 
of infarcted area at least 9 ± 6 months before cell transplan- 
tation. Infarct size at the time of cell therapy showed an 
amount of 27 ± 8% of the circumference of the left ventricle 
(LV), determined by ventriculography. 
Preparation of BMCs. One day before cell therapy, bone 
marrow was taken (80 ml from the iliac crest) and mono- 



nuclear cells were isolated and identified including CD34- 
positive cells, AC133 -positive cells and CD45/CD14 neg- 
ative cells (6). The cells were isolated under good 
manufacturing practice conditions by Ficoll density separa- 
tion on Lymphocyte Separation Medium (Bio Whittaker, 
Walkersville, Maryland), before the residual erythrocytes 
were lysed with H 2 0. For overnight cultivation, 1 X 10 6 
BMCs/ml were placed in Teflon bags (Vuelifc, Cell Genix, 
Gaithersburg, Maryland) and cultivated in X-Vivo 15 Me- 
dium (Bio Whittaker) supplemented with 2% heat- 
inactivated autologous plasma. The next day, BMCs were 
harvested and washed three times with heparinized saline 
before final resuspension in heparinized saline. Viability was 
93 ± 3%. Heparinization and filtration (cell strainer, 
FALCON) was carried out to prevent cell clotting and 
microembolization during intracoronary transplantation. 
These cells were used for therapy. All microbiologic tests of 
the clinically used cell preparations proved negative. All 
patients received extensive information about the procedure, 
which was approved by the ethical committee of our 
university, and all gave written informed consent. 
Administration of BMCs. Following assessment of base- 
line examinations (coronary angiography, left ventricu- 
lography, spiroergometry, 99m Tc-tetrofosmin single- 
photon emission computed tomography (SPECT) and 
18 F-fluor-deoxy- glucose ( 18 F-FDG) positron emission 
tomography (PET), cell transplantation was performed 
via the intracoronary administration route (6,13) using 
four to six fractional infusions parallel to balloon inflation 
over 2 to 4 min of 3 to 5 ml of cell suspension, each 
containing 15 to 22 X 10 6 mononuclear cells. All cells were 
infused directly into the infarcted zone through the infarct- 
related artery via an angioplasty balloon catheter, which was 
inflated at a low pressure (2 to 4 atm) and was located within 



Table 1. Demographic Data of Intracoronary Bone Marrow Stem 
and Control Group 


Cell Transplantation 


Group 


Characteristics 


Tx Group 


Control Group 


P 


No. of patients 


18 


18 




Age, yrs 


49 ± 11 


52 ± 10 


NS 


Transmural myocardial infarction, months before Tx 


27 ±31 


30 ± 34 


NS 


Coronary angiography 








LAD/LCX/RCA as affected vessel 


16/0/2 


10/3/5 




No. of patients with stent implantation 


16 


17 


NS 


Risk factors 








Diabetes mellitus, % 


16 


11 


NS 


Positive family history, % 


44 


33 


NS 


Smoker and ex-smoker, % 


67 


56 


NS 


Hyperlipoproteinemia, % 


89 


94 


NS 


Medication 








Beta-blocker, % 


94 


89 


NS 


Angiotensin-converting enzyme inhibitor, % 


94 


89 


NS 


Statin, % 


94 


100 


NS 


Laboratory parameters 








CPK, U/l 


1,504 ± 979 


1,489 ± 952 


NS 


Bone marrow mononuclear cells, n (10 6 x) 


90 






Values are mean * SD or number of patients. 

CPK = creatine phosphokinasc; LAD = left anterior descending coronary artery, LCX — left circumflex coronary artery; 



RCA — right coronary artery, Tx ~ intracoronary bone marrow stem cell transplantation. 
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Acute Infarct 
27 ± 31 Months 
before Tx 



Balloon angioplasty 
or stent for therapy 
of the acute Infarct 



Investigation 1 
9 ± 6 Months 
before Tx 



<2> 



Cardiac catheterization 
coronary angiography 
Infarct artery open, 
or Re-PTCA 



Investigation 2 



Investigation 3 




n=18 



Control Group j — (3) 



_n=18 



Stem Cell Therapy K g) 

t 



Cardiac 
catheterization 
coronary angiography 
Infarct artery open 



Cardiac 
catheterization 
coronary angiography 



Bone marrow puncture 
Stem cell Tx 

Figure 1. Diagrammatic representation of the algorithm of intracoronary stem cell therapy (Tx) in chronic ischemic heart disease after myocardial infarction. 
The infarcts occurred 27 ± 31 months before Tx. All infarct patients were treated with percutaneous transluminal coronary angioplasty (PTC A) or with 
stent implantation. 9 ± 6 months before (investigation 1) coronary angiography (including quantitative left vcntriuclography) was performed. If re-stenosis 
was present, re-PTCA was made. Investigation 2 embraces all patients for the evaluation of coronary morphology after PTCA/stent. Only patients with 
an open infarct- related artery were included in both groups. Patients who agreed toTx received within 10 days after investigation 2 bone marrow punctures 
and Tx by the intracoronary administration route and had altogether five invasive investigations, including two for therapeutic reasons (nos. 0 and 1). 
Patients who were not eligible for Tx (disagreement with bone marrow puncture and with subsequent Tx) served as a control group. Investigation 3 
represents all follow-up measurements 3 months after Tx (Tx patients) or after investigation 2 for control group patients. 



the previously stented coronary segments. This prevented 
backflow of cells and produced stop flow beyond the site of 
balloon inflation to facilitate high-pressure infiltration of 
cells into the infarcted zone. Prolonged contact time for 
cellular migration was also enabled. Three months after 
catheter-guided cell transplantation, all functional tests were 
repeated, including coronary angiography and left ventricu- 
lography. There were no procedural or cell-induced com- 
plications, and there were no side effects in any patient. 
Spiroergometry. Aerobic exercise capacity was examined 
before (<10 days) intracoronary cell transplantation and 
three months later during follow-up. All patients (n = 18) 
were subjected to initial bicycle spiroergometry to assess 
their functional fitness and to determine the limit of safe 
intensity of exercise. We chose a protocol with an intensi- 
fied workload up to the symptom -limited maximum (basic 
load of 50 W, intensification at 25 W, 2-min duration of 
each workload step). We determined the anaerobic thresh- 
old for prescribing a suitable load intensity. During the 
whole spiroergometry, monitoring by a 12-lead electrocar- 
diogram (ECG) was carried out. The exercise capacity was 
assessed on the basis of maximum load levels expressed in 
watts (W max ) and maximum peak oxygen uptake (Vo 2max ). 
Coronary angiography and left ventriculography. Coro- 
nary angiography and biplane left ventriculography were 
performed 9 ± 6 months before cell transplantation and also 
a second time, within 10 days, immediately before cell 
therapy. The therapeutic follow-up was three months after 
the treatment. Thus, stable baseline conditions were docu- 
mented (coronary vessel involvement, ventricular function, 
and geometry). Cardiac function was evaluated by left 



ventricular (LV) ejection fraction and by auxotonic myocar- 
dial contractility index, evaluated by the wall movement 
velocity of the infarcted area. The infarct size was calculated 
according to the method of Sheehan (14) by plotting five 
axes perpendicular to the long axis of the heart in the main 
akinetic or dyskinetic segment of the ventricular wall. 
Systolic and diastolic lengths were then measured by two 
independent observers, and the mean difference was divided 
by the systolic duration in seconds. 

Quantification of coronary stenosis (restenosis). Cineco- 
ronarangiograms were obtained during stem cell transplan- 
tation and at three months thereafter according to standard 
acquisition guidelines. The angiograms were evaluated by 
two independent observers and quantitative analysis was 
performed (15). Standard morphologic criteria were used to 
characterize the complexity of baseline lesions. The user- 
defined reference diameter proximal to the stenosis and the 
minimal luminal diameter within the culprit of the stenosis 
were used to calculate the percentage of stenosis. A value of 
0 mm was assigned for the minimal luminal diameter in case 
of total occlusion at baseline or follow-up. Restenosis was 
defined as s50% stenosis of the initial target lesion at 
follow-up. Calculations of restenosis were performed in 
both groups, with and without stem cell therapy, in the 
same way, thus enabling evaluation the differential effects of 
PTCA-guided cell therapy and of PTCA effects alone. 
Ventricular function after PTCA in the control group. 
For the evaluation of a potential effect on the PTCA 
intervention itself on LV function, all patients in the control 
group were analyzed with regard to infarct size, ejection 
fraction, and infarction wall movement velocity. 
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Nuclear cardiologic investigations (PET and SPECT). 

lR F-FDG-positron emission tomography ( 18 F-FDG PET) 
was performed with a Scanditronbc SCX 4096 WB-Scanner 
(FWHM ~ 6 mm transaxial, axial field of view — 4.6 cm). 
Patients received an oral glucose load of 1 g/kg body weight 
80 ± 30 min before the intravenous application of 18 F- 
FDG (380 ± 60 MBq). The 18 F-FDG was administered at 
the time of decrease of blood glucose level <130 mg/dl. An 
initial transmission scan was obtained using a 68 Ga-filled 
pin source to correct the subsequent emission scans for 
attenuation. The data acquisition was started 45 min after 
administration of FDG. Image data were recorded with a 
256 X 256 matrix in 3 consecutive bed positions over 15 
min per position. The data were reconstructed back- 
projected with a Hanning filter (5 mm). 
99m Tc-tetrofosmin SPECT. Sixty minutes after intrave- 
nous injection of 600 ±140 MBq of the perfusion-marker 
99m Tc-tetrofosmin under a "rest" condition, the images 
were obtained using a SPECT scanner with double-head 
detector (PRISM 2000, Marconi/Phillips), a low-energy, 
high-resolution collimator, and a 128 X 128 matrix. Image 
data were collected over 360° at 3° every 30 s. The images 
were reconstructed backprojected with a low-pass filter 
(order 12, cutoff 0.2). 

PET and SPECT evaluation. Normalized values for 
FDG uptake and perfusion were calculated by comparing 
regional with maximum tracer uptake on the reconstructed 
images. We performed a regional analysis of glucose me- 
tabolism and perfusion using a set of standardized, individ- 
ually adjusted circular regions of interest (diameter 18.06 
mm, surface 256 mm 2 ). The reconstructed metabolic and 
perfusion images were realigned for each patient (MPI- 
Tool, version 3.0; Advanced Tomo Vision, Erftstadt, Ger- 
many) and were resliced according to cardiac axis (short-axis 
and horizontal and vertical long-axis views). The regions 
were positioned immediately neighboring, with no overlap, 
according to an overlay of the co-registrated metabolic and 
perfusion images. The regions covered the infarct lesion as 
well as normal myocardium. In this way, we generated 
templates of regions for each patient, which could be used 
for the evaluation of metabolism and perfusion, before and 
after BMC transplantation without further modification. 
According to Segail et al. (16), regions with a normalized 
FDG uptake <50% were rated as transmural scar and 
regions with an uptake of 50% to 60% as non- transmural 
scar. 
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Further analysis was restricted to regions with FDG 
uptake <60% in the PET scans, pursuant to our intention 
to focus on the effects of BMC transplantation on scar 
tissue. 

Safety parameters. To assess any inflammatory response 
and myocardial reaction after cell therapy, white blood cell 
count, the serum levels of C-reactive protein (CRP) and of 
creatine phosphokinase (CPK) were determined immedi- 
ately before as well as after treatment. Additional analysis was 
done directly after transplantation and three months later: 
ECG at rest, 24-h Holter ECG, and echocardiography. 
Statistical analysis. All data are presented as mean ± SD. 
Statistical significance was accepted when p < 0.05. Intra- 
individual comparison of variables of investigation 1 (9 ± 6 
months before cell transplantation for Tx group, 9 ± 5 
months before investigation 2 for control patients) and 
investigation 2 (<10 days before cell transplantation for Tx 
group, no transplantation for control patients) and of 
variables of investigation 2 and follow-up investigation 3 (3 
months after cell therapy for Tx group, 8 ± 5 months after 
investigation 2 for control patients) was performed using 
Wilcoxon rank-sum test. The missing values (Tabic 2) were 
omitted and not calculated for statistical analysis. The 
p values (by analysis of variance) have been given for LV 
ejection fraction, area of infarction, and infarction wall 
movement velocity. Statistical analysis was performed with 
SPSS-Windows 10.1 software. 

RESULTS 

Three months after intracoronary cell therapy, the infarct 
size was reduced by 30%, whereas the global LV ejection 
fraction increased by 15% and regional infarct wall move- 
ment velocity by 57% (Tables 2 and 3). In parallel, the 
clinical performance improved (Tabic 4), as evidenced by a 
higher work load demonstrated by a 11% increase in 
maximum oxygen uptake (Vo 2max ). SPECT investigation 
presented enhanced tetrofosmin uptake in the infarcted 
zone by 5%, and PET examination showed enhanced 
glucose uptake in the infarcted zone by 15%, demonstrating 
regeneration of formerly avital, chronically infarcted heart 
muscle (Fig, 2). An unchanged or even impaired LV 
function was not observed in any patient. 

In the control group (18 patients with chronic MI, but 
without stem cell therapy) no significant changes were 
observed in infarct size, LV ejection fraction, or wall 



Table 3. Cardiac Parameters in the Transplantation Group and in Con trol Group at the Three Investigation Time Points 

Area of Infarction, % LV Ejection Fraction, % Infarction Wall Movement Velocity, cm/s 

Control Control Control 

Group Tx Group p Value* Group Tx Group p Value* Group Tx Group p Value* 

Investigation 1 25 ± 9 26 ± 7 0.99 53 ± 10 53 ± 8 0.87 1.95 ± 0.66 1.80 ± 0.63 0.57 

Investigation 2 27 ± 9 27 ± 8 0.83 51 ± 10 52 ± 9 1.00 1.88 ± 0.76 1.86 ± 0.70 0.94 

Investigation 3 26 ± 9 19 ± 9 0.02 52 ± 10 60 ± 7 0.02 1.91 ± 0.79 2.92 ± 0.91 0.001 



'Analysis of variance. 

Abbreviations as in Tabic 1. 
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Table 4. Positron Emission Tomography and Spiroergomctry Before and After Stem Cell 
Therapy in Chronically Infarcted Myocardium 



lfl F-FDG-Positron Emission 
Tomography 



Vo 2mM1 Spiroergomctry 



FDG Uptake, % 



Difference in % 



ml/min 



Investigation 1 
Investigation 2 
Investigation 3 
p (Wilooxon test) 



none 
43.8 ± 8.0 
50.5 ± 11.6 

0.012 



> 



+ 15 



none 
1,602 ± 533 
1,776 ± 523 
0,0001 



> 



Difference: in % 



+ 11 



1H F-FDG = ,8 F-ftuor-dcoxy-glucosc; Vo 2(r)4> = maximum oxygen uptake. 



movement velocity of the infarcted area (Figs. 3A to 3C). 
Electrocardiogram at rest and on exercise and 24-h Holter 
ECG revealed no rhythm disturbances at any time point. 
Only 1 patient (from 18 cell-treated patients, 6%) developed 
relevant restenosis due to quantitative angiographic criteria. 
The restenosis could be treated adequately by stent implan- 
tation. The other 17 patients showed good patency rates 
without restenosis after PCI and cell transplantation. They 
also revealed no alterations in LV function 8 ± 5 months 
after PTCA. 

There was no inflammatory response or myocardial reac- 
tion (white blood cell count, CRP, CPK) after cell therapy, 
despite a moderate increase in CRP (before cell transplan- 
tation 0.58 ± 0.48 mg/dl, after cell transplantation 1.07 ± 
0.73 U/l, p = 0.002), which is usual after bone marrow 
puncture and/or cardiac catheterization. 

DISCUSSION 

The results of these investigations demonstrate, for the first 
time, that the intracoronary transplantation of autologous 
bone marrow mononuclear cells may reduce infarct size and 
improve LV function as well as myocardial glucose uptake 
in chronic ischemic heart disease attributable to chronic MI 
(5 months to 8.5 years old). Infarct size decreased in all 
patients and cardiac performance (ejection fraction, wall 
movement velocity of infarcted area, maximum oxygen 
uptake, and exercise tolerance) and myocardial metabolism 
(FDG-PET) improved, all being between 11% and 57%. 
Furthermore, it is noteworthy that there were no compli- 
cations immediately or three months after cell transplanta- 
tion, especially that there was no cardiac arrhythmia and no 
signs of cardiac or systemic inflammation were present. 

Lateral 



Apex 



The effects of stem cell transplantation on infarct size, 
cardiac function, and contractility demonstrate significant im- 
provement of these three parameters in the therapy group 
(before and after stem cell therapy) as well as in the comparison 
between the stem cell therapy group and the control group, 
thus giving evidence for a beneficial therapeutic effect of stem 
cell therapy on cardiac performance in chronic MI. 

Patients in both the stem -cell group and the control 
group were recruited in parallel to each other and consec- 
utively between January 2003 and March 2004. They all 
(n = 36) fulfilled the same inclusion criteria. Thus, 
representative patient characteristics were present for the 
stem cell group (n = 18) and the control group (n = 18) 
as well as in comparing both of them. Moreover, two 
subsequent investigations before stem cell transplantation 
have been performed for each patient: investigation 1 and 
2 demonstrated the stability of LV dynamics before cell 
therapy (9 months respectively 10 days before transplanta- 
tion) and investigation 3 compared the effects of stem cell 
therapy with the control group. The stable hemodynamics 
during the preceding 9 ± 6 months before stem-cell therapy 
and the stable hemodynamics within the control group at all 
three points of investigation underline the significant alter- 
ations of the left ventriculography- derived parameters in- 
vestigated after stem cell transpantation. 

The regenerative potential of bone- marrow- derived stem 
cells may be explained by any of four mechanisms: 1) direct 
cell differentiation from mononuclear cells to cardiac myo- 
cytes (17), 2) cytokine-induced growing and increase of 
residual viable myocytes, especially within the border zone 
of the infarcted area (18), 3) stimulation of intrinsic myo- 
cardial stem cells (endogenous stem cells) (19,20), and 4) 




Base 



Septal 

Figure 2. Representative illustration of 18 F-FDG-positron emission tomography (PET) before (above) and 3 months after (below) cell therapy in the 
transversal (left) and longitudinal (right projection) in a 30-year-old male patient with an 8-month-old antcroapical infarction. Note the restoration of 
glucose uptake (below) within the infarcted area of the formerly completely a vital antcroapical myocardium. 
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Figure 3. Illustration of the mean values of (A) area of infarction, (B) 
ejection fraction, and (C) infarction wall movement velocity, determined by 
quantitative left ventriculography in both groups (control group vs. trans- 
plantation [Tx] group) at the point of time: investigations 1, 2, and 3. 
Comparision of both groups with chronically infarcted myocardium (conrol 
group vs. Tx group), n = 18 patients. Investigation 1 was 9 ± 6 months 
before cell transplantation (controls: 9 ± 5 months before percutaneous 
transluminal coronary angioplasty [PTCA]); investigation 2 within 10 days 
before cell tranplantation (controls: at the time point of PTCA) and 
investigation 3 was three months after cell transplantation (controls: 8 ± 5 
months after PTCA). Note the significant decrease of infarct size and the 
increase in ejection fraction and in contractility (infarction wall movement 
velocity) 3 months after cell therapy in comparison with the control group. 
*p = not significant (investigation 2 vs. investigation 3); #p = 0.001 
(investigation 2 vs. investigation 3). 

induction of cell fusion between transplanted bone marrow 
cells and resident myocytes (21-24). 

Transdifferentiation has been described by previous in- 
vestigators (4); however, it has been questioned by recent 
experimental studies (25). The influence of cytokines has 



shown to restore coronary blood vessels and muscle cells 
after experimental myocardial infarction. This regeneration 
of blood vessels and muscle cells is most pronounced in the 
border zone of ischemic and/or infarcted tissue (26), dem- 
onstrating an enhancement of mitotic cells and cell cycles up 
four-fold, when compared to areas remote from the necrotic 
myocardium. Moreover, mononuclear bone marrow stem 
cells contain a lot of cytokines (VEGF, insulin-like growth 
factor, platelet-derived growth factor, and so on), thereby 
stimulating residual normal myocytes for regeneration and 
proliferation and instrinsic myocardial stem cells (endoge- 
nous stem cells) for cell regeneration and for cell fusion 
(27-31). 

Mitotic indexes are three to four times more frequent 
within the border zone of myocardial necrosis when com- 
pared with non-injured heart muscle (26). Moreover, 20% 
to 40% of intracoronarily transplanted bone-marrow- 
derived stem cells may be accumulated within the border 
zone of MI. There were no signs of apparent microcircula- 
tion disturbances because all patients had Thrombolysis In 
Myocardial Infarction flow grade 3. Thus, it is conceivable 
that in MI the border zone represents the optimum "niche" 
for exogenously transplanted stem cells, stimulating mitosis 
rates and heart muscle regeneration, preferably originating 
in and expanding from these areas. Cell fusion may also 
contribute to heart muscle regeneration, which takes its 
origin from the border zone, expanding gradually to the 
necrotic core of the infarcted area. 

Our study cannot determine which cell-biologic and 
molecular mechanims are responsible for heart muscle repair 
or which of the studied factors may play the predominant 
role. However, the final functional outcome of this cell therapy 
demonstrates three main target effects: improvement in 
muscle function (pumping ability and contractility), myo- 
cardial perfusion (SPECT), and myocardial glucose metab- 
olism (PET), thus giving evidence that heart muscle repair 
must have taken place by this intracoronary bone marrow 
cell transplantation procedure. 

The clinical significance of this novel therapeutic ap- 
proach may embrace a large number of patients with chronic 
coronary artery disease, preferably after previous or long- 
standing MI. It is conceivable that remodeling after infarc- 
tion may be ameliorated or even stopped by this procedure. 
Thus, cell therapy may represent a new option of basic and 
causal therapy in chronic infarcted myocardium. It is an 
open question whether variations of the amount and kind of 
bone marrow cells, the administration technique, and the 
transplantation procedure itself, by enhanced environment 
and improvement of the angiogenic micromilieu, can fur- 
ther improve the milieu-dependent differentiation or regen- 
eration of bone marrow cells in chronic infarcted heart 
disease. Therefore, our clinical results represent a stable basis 
to proceed to the next necessary step: to a larger prospective 
randomized study. 
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Milestones in the development of pediatric 
hematopoietic stem cell transplantation — 
50 years of progress 



Trigg ME, Milestones in the development or pediatric hematopoietic 

stem cell transplantation— 50 years of progress 

Pcdiatr Transplantation 2002: 6: 465-474. # 2002 Blackwell Munksgaard 

Abstract: In the 1950s, the first infusions of hematopoietic stem cells 
were given as a form of treatment for childhood leukemia, this heralded 
the beginning of a field that has expanded to include the treatment of 
immune deficiencies, a variety of leukemia? and solid tumors, and then 
genetic diseases; A number of milestones arc higiilighted, particularly in 
regard to the use of alternative sources of hematopoietic stem tells Such 
as unrelated donors, peripheral bipod stem cells arid umbilical cord stem 
cells; In addition, newer techniques of using non-mycloiiblativc 
preparative regimens helped to reduce the toxicity and long-term 
consequences of hematopoietic stem cell transplant. Many diseases now 
benefit from the replacement of the marrow stem cells and the provision 
of a new immune system and improved immune surveillance. 
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With the development of the age of atomic energy 
and interest in radiation, there developed an 
appreciation of the potential harm or radiation 
and the side-effects of exposing those in the 
industry to its effects, as well as the consequences 
of using atomic? weapons. With this came an 
interest in understanding sensitivity to radiation 
and an appreciation for the hematopoietic 
toxicity it caused (1). In 1955-56, it was shown 
that mice could be protected from the lethal 
effects of total body irradiation with an infusion 
of allogeneic marrow, and in fact truce given an 
allogeneic marrow infusion could subsequently 
permanently accept a skin graft from the same 
marrow donor (2-4). These and other experi- 
ments showed clearly the radiation protective 
effect of trausferring-in new cells and the 
development of a form of long-term chinierism 
and tolerance (5-10). 



Abbreviations: ALU acute lymphocytic leukemia: DLl, 
delayed lymphocyte infusions. 



In this brief report, a number of milestones will 
be highlighted from the development of our 
current knowledge base in the field of pediatric 
hematopoietic stem cell transplantation 
(Table I.). Even the words "hematopoietic stem 
cell transplantation* have evolved over time. 
Most work in this field Of blood formation 
began using bone marrow. Blood as a source of 
peripheral stem cells was used with syngeneic 
transplants during the 1950s and 1960s (M, 12). 
However, our appreciation of the value of 
peripheral blood stem cells did not come about 
until the late 1980s and early 1990s (13). In the 
1970s, the use of fetal liver tissue as <i source of 
hematopoietic stem cells was investigated and 
applied in children with immune deficiencies (14). 
Early in their development, hematopoietic stem 
cells migrate from the yolk sack to the liver and 
temporarily make a home there before migrating 
to the spleen and bone murrow. Since that time in 
the 1980s, umbilical cord blood has been utilized 
as n source of hematopoietic stem cells. 
Motivated by the high concentration of these 
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Table 1 . Milestones in pediatric hematopoietic stem celt transplantation 

1 Experimental work 

2 Initial work with chttrjron 

3 Immune deficiencies 

4 Selection ol patients 

5 Acute myelogenous Ictikcmins 

6 NtttKoWasinma 

7 Ado^ng donors 

B Peripneral stem cell transplants 

9 Cord blood transplants 

10 Genetic diseases 

1 1 Noo-myotoabJotive transplants 
I? Conclusions 



cells during feial development and soon after 
birth, the use or stem cells have been expanded its 
vitro and also been used Tor transplant purposes 
(15). More recently, the words "stem cells' have 
taken on a new meaning because they describe 
cells which are usually obtained from early 
blastocysts or embryos. These cells have the 
capability of forming tissues or, in some cases, a 
whole living being. Thus, pediatric marrow 
transplantation has taken on new meaning and 
the sources of these hematopoietic stem cells have 
been expanded. This accounts for the change in 
name from pediatric marrow transplantation to 
pediatric hematopoietic stem cell transplantation. 



Experimental work 

Out of the atomic age and the atomic bomb 
experience came the work of the lite 1940s and 
1950s on protection from the hematologic effects 
or irradiation (16). A number of animal models 
were developed, and from this came the under- 
standing that infusions of allogeneic marrow 
from inbred strains or mice could protect 
allogeneic irradiated mice (4, 8, 9). Infusions of 
marrow from related mice could also induce a 
tolerance to skin grafts (5). This led the way to an 
understanding of the cellular protective effects of 
infusions of marrow in otherwise irradiated 
individuals. 



Initial work with children 

In the 1950s, Thomas and others published their 
groundbreaking experience with infusions or 
syngeneic marrow into twins with leukemia 
who had been treated with supralethal doses or 
total body irradiation {12,* 16). The prompt 
hematologic recovery and welt being of these 
children against more than twice the lethal dose 
of irradiation attested to the protective effects or 
the marrow. However* these experiments took 
place during the initial phases of transplantation 



and also during the time of our initial leukemia 
trials, as we tried to understand how best to ircai 
that disease. The role of continuation and 
maintenance chemotherapy in the treatment of 
childhood leu kern ias was not understood at all, 
nor were there very many chemothcrapcutic 
agents from which to choose. As a result, by 
current standards these children were inade- 
quately treated fdr their underlying leukemia 
grid unfortunately had a subsequent recurrence of 
their underlying disease. This experience docs not 
speak te a failure of transplantation but rather to 
a failure of our understanding of how to best treat 
leukemia back in the 1950s. It speaks to (he fact 
that infusions or hematopoietic stem cells can 
provide a protective effect from the hematopoie- 
tic-suppressive effects of total body irradiation 
(17). 

Soon after this, work began in closely related 
dog litter mates and this provided us with a sound 
scientific basis for most, ir not all. of the future 
work to come out of the Seattle bone marrow 
transplant group and other groups around the 
world (7, 10). 



Immune deficiencies 

In the 1960s, a group from Minnesota used tissue 
typing to select a sibling marrow donor for a child 
with severe combined immune deficiency (14). 
The infusion of marrow provided immunologic 
recovery Tor this child, who is currently alive and 
in his 30s (14). Again, this milestone in the 
development of pediatric hematopoietic stem cell 
transplantation provided a basis for large num- 
bers of transplants for children with a variety of 
immune deficiencies and set the stage for utilizing 
hematopoietic stem cell transplants to correct the 
hematopoietic and immunologic deficiencies 
induced by large doses or chemotherapy and 
radiation that are employed to treat underlying 
malignancies (18, 19). Although a number of 
other cellular and humoral factors have been 
utilized to treat immune deficiencies, none have 

been as successful as the use of hematopoietic 
stem cells (14, 20). Although the first child to 
receive such a transplant had severe combined 
immune deficiency and required no preparative 
therapy, our understanding of these many 
immune deficiencies has increased over time to 
include a realisation that some of these children 
require immune suppression or ablation in order 
to make room for a new graft or to preyeut stem 
cell graft Rejection (21). These techniques, of 
making a space for new stem cells resulted, in 
some cases, in incomplete cngraftment or in 
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Table 2. Indications for bone marrow transplantation 
Malignant disorders 

Leukemia 

Acute myctoWasitc leukemia 

Acute lymphottastc leukemia 

Chronic myelogenous leukemia (adult typo) 

Cluonic myelogenous leukemia Jjuventte type) 

MyctodyspJasiic syndromes 

Acute myotofibiosis 
Some less severe onmbincd NfrmmbAfuiercy disorders 
lyinptioprolirerativo disorders 

HodrjVm lymphoma 

Non4jodgkin fymption« 

Multiple myeloma 

Chronic lymphocytic leukemia 

Solid tumors 
Neuroblastoma 
Bronchial carcinoma 
Broosi carcinoma 
Melanoma 
Brain tumors 
Osteosarcoma 
Ewmg's Sarcoma 
Teratomas 
Rhaodomvosarooma 
Others 



others, in complete hematopoietic engraftraent 
( 14). At the present time, almost 75% Of all those 
with severe immune deficiencies can be cured with 
hematopoietic stem cell transplants and the fate is 
even higher when a matched sibling donor is 
available (14). 



Selection of patients 

Indications For hematopoietic stem cell transplant 
have* to some extent, changed over the years, 
particularly related to the curative treatments 
provided for children with leukemia (Table 2) 
(22). In the 1980s, the most common indication 
for a hematopoietic stem eel! transplant was 
salvage therapy for patients with acute lympho- 
cytic leukemia (ALL) who failed to maintain a 
remission From conventional therapy. However, 
the likelihood of attaining long-terra remission 
From conventional therapy is now approaching 
80%, therefore eliminating the need for a marrow 
transplant consideration for the vast majority of 
such children (23). In addition, overall survival 
rates have also improved for children with 
lymphoma. Thus, the majority of children with 
ALL can be cured with conventional approaches 
and no longer require a transplant. Considering 
how conventional therapy has increased in 
intensity over time; it is true that the vast 
majority of children with ALL and other diseases 



Nonwatfgnam disorders 

Bone marrow faitute syndromes 
Acquired severe aplastic anemia 
Fancbnr* aplastic anemia 
Reticular dysgenesis 

Irramimxteficiency states 
Severe combined Immurtodeficicivy disease 

Wu*ou-^#eh syndrome 

Some acquired immwno dufjaency syndrome (AIDS) 

Hematological disorders 
Some Thalassemia syndromes 
Some, sickle coll anemias 
Some congenital neutropenia 
Soma severe congenital ptaielct disorders 
Some Gsteoootiosts 

Genetic disorders 
Muco^ysaccnaridDses 
Leufartyst mu fces 
Other race metabolic disorders 

portrociiyo tissue tfmters 
Some juvenUa rhtai^u^ artraiUs 
Some systemic lupus en/themauiSHf: 



who requite a transplant have already been 
through a variety of therapeutic protocols and 
are thus more resistant to the curative effects of 
*he preparative therapy which is provided 
(Table 3) (24). 



Acute myelogenous leukemias 

Throughout the 1980s, a number of studies 
suggested the utility of high dose therapy for 
patients with acute myelogenous leukemias (25). 
However, there arc now available randomized 
results from a large-scale study of children with 
acute non-Iymphocytic leukemia undergoing 
marrow transplantation with a matched sibling 
donor, compared to those who were treated with 
conventional chemotherapy because of a lack of a 
matched sibling donor (25). Very clearly, the 
long-term survival rates are higher in patients 
with acute non-lynrphocytic leukemia who tinder- 
went transplantation with a matched sibling 
donor. The results from these trials would 
indicate that those with acute non-lymphoeytic 
leukemia will do much better with a marrow 
transplant, provided there is a related matched 
sibling available, than with alternative forms of 
therapy. The recognition of this phenomena in a 
biologically randomized study is a key milestone 
in the development of hematopoietic stem cell 
transplantation, showing how this disease is quite 
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Tabic 3. Remaining stem cell transplant questions in. 200? for chiltfrcn with toukemra 

1 What taws best define those to benefit from transplant therapy: (a) mitral response; (b) minimal residual disease: (c) otologic markers such as 
dtromosornes. celt morphology, cottufar markers or m vitm/in vivo growth characteristics; (d) age and/or (e) gestelic/pharniacotogic profiles. 

2 Are all stem coB donors atAe Hi regards to outcome and relapse rates? Matched sitting vs. mismatched family mernhnr vs unrelated adult donors vs 
umbilical cord derived stem cells. 

3 Rote ol peripheral blood vs. marrow as n source of stem cells. 

4 Methods to accelerate immune maturation of stem call transplants or rnetluxfc to niinttnira toxicity to dm imtnime sysinm 



sensitive lo the preparative therapy which has 
been provided early in the Course of the disease* 
as well as the immunologic effects of providing a 
marrow graft (25). 



Neuroblastoma 

Of all the solid tumors that occur in the pediatric 
age group, neuroblastoma has been the most 
resistant to conventional therapy. However, slow 
but steady improvement has been made in overall 
survival (26). 

The landmark study in the development of 
pediatric hematopoietic stem cell transplant was 
the cooperative group trial which compared 
transplantation vs. no transplant for those with 
Stage IV neuroblastoma (27). Previous studies 
had indicated that allogeneic transplants seemed 
to provide no evidence for an immunologic effect 
of the graft itself on the underlying tumor. Fewer 
problems were associated with high dose therapy 
and autologous rescue vs. Allogeneic stem cell 
transplant. Thus, the autologous transplant was 
accepted as a standard therapy for those with 
neuroblastoma. In fact, the current Children's 
Oncology Group protocol offers a course of very 
high dose therapy with stem cell rescue to all 
patients (27). 

One of the major questions that remains lo be 
decided in the next few years is whether there has 
been an improvement in long-term survival in 
those with neuroblastoma by the utilization of 
peripheral stem pells vs. marrow, since marrow 
runs the risk of contamination with tumor cells. 
Although most; trials of autologous stem cells for 
transplant purposes utilized a laboratory meth- 
odology to purge neuroblastoma cells from the 
stem cell inoculum, the sensitivity of the assay is 
such that there may still be quite a number of 
neuroblastoma cells in the stem cell preparation 

Table 4. Best approach to. treatment ol Stage (V neuroblastoma in 2002 

7 
2 
3 
4 



that is eventually infused into patients (27). 
Occasionally, patterns of relapse in children 
following recovery of hematopoiesis suggests 
that therb has been a miliary spread of neuro- 
blastoma cells to a variety of tissues never 
previously involved with neuroblastoma, and in 
all likelihood, these tumor cells were contaminat- 
ing the stem cell inoculum that was infused 
intravenously (Table 4). 



Adding donors 

In the late 1970s and early 1980s, a variety or 
clinical experiments showed the potential of 
applying high dose chemotherapy with hemato- 
poietic stem cell rescue for an ever-expanding 
number of children and adults with malignancies, 
hy utilizing allogeneic donors who were less than 
perfectly matched (28). The first group of donors 
to be added were those family members who were 
haplo identical, such as parents or siblings, or in 
situations where there were more extensive 
familial investigations to find potentially more 
closely matched donors (29, 30). Mismatched 
familial transplants are characterized by one or 
more major histocompatibility loci differences 
between donor and recipient, or complete hap- 
loideritical transplants, where there is a complete 
disparity at one of the two HLA A, B or DR loci, 
and these transplants took place in great numbers 
in the 1980s and early 1990s (13). Most, but not 
all, of these clinical protocols attempted to 
overepme the significant graft- vs.-host disease 
problems by rempvmg more than two logs of T- 
jymphoeytes from the donor stem cell inoculum 
(29, 31). From these experiments, the investiga- 
tors derived a great deal of knowledge and 
experience in the role of T-lymphocytes when 
removing them from the transplant inoculum. 
High rates of rejection and non-engraftmcnt 



Diagnostic biopsy with comptoie resection if possible. 
Induciion chemotherapy — combination — usually $-6 Cycles 
Subsequent surgery to resect residua! disease. 

Consolidation therapy — usually high dose chemotherapy and stem cell rescue with marrow or peripheral stem cells, purged of neuroblastoma 
cells H present. 
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TaWe 5. Peripheral stem calls— advantages m adults 



1 Easier/tess painful to obtain than marrow. 

2 Quicker recovery of neutrophils and platelets when used in place of marrow as a source of stein colts 

3 No exposure 10 any anesthetic as would ho necessary for collecting marrow stem celts. 



suggested either thai the process Of removing the 
T-lymphocytcs had eliminated extensive numbers 
of stem cells meant to engraft arid produce 
hematopoietic progeny, or alternatively (28), T- 
lymphocytes from the donor derived inoculum 
were important in providing further immune 
suppression within the host to enable hemato- 
poietic stem cell engntftment. To overcome the 
latter problem, more preparative therapy was 
given to some patients but this did not necessarily 
seem to make a difference. In addition, the 
removal of T-lymphocytes increased the potential 
for opportunistic infections due to the subsequent 
delay in T-lymphocyte recovery, and the delay in 
T-lymphocyte recovery led to an increased 
relapse rate in those patients receiving such 
marrow grafts which were T-lymphocyte 
depleted. However, the goal of using mismatched 
or haploidcnlical donors had achieved an impor- 
tant milestone which was now making it possible 
for every patient who had a disease that could be 
treated with liematopoietic stem-cell transplant to 
be eligible for such treatment, without limitations 
as to whether a donor was available or not (3.1). 
The only children who failed to find a donor 
when considering the use of hematopoietic stem 
cells from mismatched or haploidentical family 
donors were those who had been adopted and 
whose families were not traceable, or alterna- 
tively children who had np siblings or parents due 
to some sort of environmental accident or early 
death. 

Alongside the development of mismatched or 
haploidentical transplantation was the typing and 
recruitment of unrelated adult donors. 
Considering the increased knowledge of the 
histocompatibility loci and the further delinea- 
tion of the unique HLA disparities between 
individuals using molecular techniques, investi- 
gations continued on typing large numbers of 
individuals who volunteered to register with a 
number of private marrow donor banks and who 
agreed to be called upon to donate marrow if 
necessary for an individual who needed a 
transplant and who had a tissue type similar or 
identical to that of the potential donor. Reports 
of these transplants began to appear in the 1980s 
and some of these were quite successful (30). As 
expected, most were associated with significant 
graft-vs.-host disease, either because our preven- 
tive treatments for GvHD were inadequate or 



alternatively, because there had been a lack of 
appreciation of minor histocompatibility differ- 
ences between donor and recipient. As an 
increasing number of allogeneic transplants 
using unrelated donors developed, there also 
developed ii national interest in bringing together 
all of these donor banks and setting up a single 
national registry supplying all allogeneic hema- 
topoietic stem cells for transplant purposes. Thus 
came the government directive to set up the 
National Marrow Donor Program and the 
National Marrow Donor Registry. With increas- 
ing recruitment efforts through the 1980s and 
into the 1990s, well over 4,000,000 donors have 
been registered world-wide and listed in the 
NMDP registry, making it possible to find close 
if not perfect matches more than half the time for 
individuals without a matched familial donor. 
Several studies have documented that children 
will tolerate some histocompatibility difference 
between donor and recipient, making it possible 
to find unrelated donors for children with an ever 
increasing frequency (31). Again, another mile- 
stone had been achieved in the development of 
the pediatric hematopoietic stem cell field by 
continuing to increase the population of children 
eligible for transplant by defining new groups of 
donors, thereby circumventing the earlier pro- 
blem whereby many patients could not avail 
themselves of marrow transplant therapy for lack 
of a matched related allogeneic donor. 



Peripheral stem cell transplants 

Although experience with syngeneic transplants 
had yielded the necessary information about 
circulating peripheral hematopoietic stem cells, 
to a large extent the application of this technique 
did not begin until the late 1980s and early 1990s 
(32-34). Several considerations came about to 
spearhead this development: 

I Some patients with malignancies undergoing 
high dose chemotherapy with hematopoietic stem 
ceil reconstitution had previously received irra- 



Tabie 6. r\ton-myetoaotative n ansniam preparation 



1 Reduced prepdrative therapy anil thus potential icduceil inttniy 

2 Potential to eliminate alt radiation. 

3 Reduce yoirth retardation and rwwo-piychotogical effects ol full 
rnyetoabtatKe therapy. 
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diation to large marrow spaces or alternatively, 
hud a potential contamination of marrow spaces 
with tumor cells. Collection of peripheral blood 
might obviate this problem since there: were few if 
any detectable malignant cells in the peripheral 
blood and thus collections of stem cells in the 
peripheral blood would theoretically be less likely 
to be contaminated with tumor cells; 

2 Going to the operating room to obtain 
hematopoietic stem cells front the marrow space 
was traumatic and painful, and collections of 
peripheral blood stem cells could be done us an 
outpatient in a less painful setting with far less 
morbidity (33). 

As a result, many studies were published on the 
utilization of peripheral stem cells On how best to 
collect them and on the liming of collection 
(32-34). With the development of hematopoietic 
stein cell cytokines stimulating the production of 
CD34+ cells, there was now an understanding of 
how best to improve the yield of collected stem 
cells. Subsequent studies showed that peripheral 
stem cells, when given to a host who had 
undergone ablative chemotherapy or chemother- 
apy plus radiation, resulted in faster hemato- 
poietic engraftment, fewer hospital days ; arid 
potentially improved immune function more 
quickly than when using hcmatoroietic stem 
cells from the marrow space (34). Although 
similar studies have not been done in children 
due to the numbers of children available for such 
studies, in some diseases we have already 
accepted the utility of obtaining peripheral 
blood stem cells for transplant purposes (33, 35, 
36). However, in many situations in pediatrics, 
the donors are small children and it therefore 
becomes more difficult to collect peripheral stem 
cells from them and more likely that we can 
obtain an equal or higher total number of 
hematopoietic stem cells by taking the donor to 
the operating room and obtaining bone marrow 
in the traditionat manner (33). Thus, even though 
the use of peripheral stem cells was first 
documented in pediatric transplants more than 
30 years ago, when blood from one twin was 
infused into another (1 1), the large scale use of 
peripheral stem cells, the appreciation of the fact 
that the stem eells collected from the peripheral 
blood were somewhat different from those 
collected from the marrow space, and the 
extension of this technique to those who have 
potential marrow involvement with tumor was a 
whole new era and marked a new milestone m the 
further development of pediatric hematopoietic 
stem cell transplantation (Table 5) (32, 33). 



Cord blood transplants 

In the 1970s, the migration of hematopoietic stem 
cells from the yolk sack tq the liver was under- 
stood to the extent that fetal livens were obtained 
from aborted fetuses and successfully used for 
transplant purposes (37). Over a period of 10 
years, there developed an appreciation of the vast 
numbers of hematopoietic stem cells in the 
developing fetus, which at the lime of birth is 
more than 100-fold greater per volume of blood 
than that found in adults. The sense was thai the 
developing fetus was rapidly growing and needed 
ever increasing quantities of hematopoietic and 
immunologic cells. This was translated into an 
increased number. of hematopoietic stem cells, 
developing in a naive individual and incapable of 
recognizing and rejecting maternal tissue and 
probably having little capacity to reject other 
tissue soon after birth. Wc knew from hundreds 
of years of clinical observation that infants were 
highly susceptible to a wide variety of infectious 
problems, only because of the lack ofimmunity ai 
birth and that there was a normal maturation of 
the immune system in the first I 2 years of life. In 
fact, it was well known Chat children with immune 
deficiencies did not usually present within the first 
few months of birth because of the protective 
levels of cellular and humoral immune factors 
that are passed from mother to fetus, and that 
when this protection eventually waned, then the 
infant's immunodeficiency was exposed (20). 
With this background in mind, there developed 
an appreciation of the idea of obtaining umbilical 
cord blood at the time of birth and using it as a 
rich source of hematopoietic stem cells which 
could then be used for transplant purposes (15, 
38). Several significant advantages immediately 
became apparent: .... tJ 

1 With millions of births worldwide, it should 
be possible to collect umbilical cord blood from 
every child soon after birth and such blood/cells 
could be typed and cryopreserved and made 
available to any individuals with a similar tissue 

2 Unlike the situation where an adult allo- 
geneic donor needs to be taken to the operating 
room to obtain marrow or needs to visit a blood 
bank in order to provide peripheral blood stem 
cells, the use of these umbilical cord eells entailed 
no harm to the donor since these blood cells were 
usually discarded with the placenta at the time or 

birth. ( t . JU 

3 Because the umbilical cord-derived hemato- 
poietic stem cells were naive* it should be possible 
to use them more readily in situations where there 
was not a perfect HLA match between donor and 
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recipient and still see a good hematopoietic 
engraftment without the lethal complications of 
graft-vs.-host disease. 

In 1988, the first such transplant took place in a 
child with Fanconi'-s anemia, receiving hemato- 
poietic stem cells from a previously collected 
umbilical cord bipod specimen from a sibling; who 
was perfectly matched (39. 40). Since that time, a 
number of umbilical cord blood banks have been 
set up around the world, some linked by 
computer and some not. but all dedicated to 
the business of providing umbilical cord blood 
for transplant purposes, particularly in situations 
where there were no available matched sibling 
donors (15). These transplants have continued in 
select centers around the world and to date, there 
still are some problems and difficulties: 

1 Umbilical cord-derived hematopoietic stem 
cells tend to grow a little more slowly, perhaps 
related to their concentration and numbers 
following cryopreservalion, than freshly obtained 
peripheral blood stem cells or marrow stem cells 
from adult donors. The slowness to recovery of 
blood counts may predispose the iransplttirted 
patient to an increased number of infectious 
problems and complications (38). 

2 Although one of the advantages of using 
hematopoietic stem cells derived from the umbi- 
lical cord is their relative miivetc and the potential 
for a lack of graft-vs.-host disease, there devel- 
oped a sense in the 1980s and 1990s of the 
importance of graft-vs.-host disease in providing 
an immunologic method for controlling the 
subsequent recurrence of a malignancy following 
high dose preparative therapy. The absence of 
such graft-vs.-host disease following the trans- 
plant of hematopoietic stem cells derived from 
umbilical cord predisposes some patients to an 
increased risk for recurrence of their underlying 
leukemia ( 1 5); and 

3 The amount of cord blood obtained in the 
delivery room is directly related to the experience 
of the operator. The amount of cord blood 
collected correlates with the number of stem cells 
and the number of stem cells in a sample used for 
transplant purposes correlates with the rate of 
engraftment. The rate of engraftment and the 
numbfer of stem cells appears to correlate with 
ultimate survival (41). Tiros, there are many 
specimens of umbilicalcord blood obtained in the 
delivery room which are low in volume and which 
are therefore probably not well suited for use in 
larger children or adults (38). 

The availability of umbilical cord blood has 
once again been a milestone because it has 
enabled more children who otherwise could not 



find a suitable donor to have one available. In 
addition, many children undergoing marrow 
transplantation need not suffer graft-vs.-host 
disease and its attendant morbidity/mortality, 
such 8|S those with genetic diseases or immune 
deficiencies (40-42). As a result, cord blood has 
then become an ideal source of hematopoietic 
stem cells. The first patient transplanted with 
umbilical cord blood as previously mentioned 
was a child with Fanconi's anemia, and ihcre had 
not yet been any evidence of myelodysplasia or 
leukemic changes (39, 40). As a result, the child 
would not theoretically benefit from the occur- 
rence of any graft-vs.-host disease and tints the 
use of umbilical cord blood as a source of 
hematopoietic stem cells was an ideal source in 
that particular situation. The overall place of 
umbilical cord blood in the field of hematopoietic 
stem cell transplantation remains to be deter- 
mined, but clearly the advent of this technology 
and the establishment of numerous umbilical 
cord blood banks has been a major milestone in 
the field of pediatric hematopoietic transplanta- 
tion. 



Gen^tfc diseases 

For some patients, hematopoietic stem cell 
transplants are a very crude way of providing 
new- genetic -material. It is not selective but rather 
provides a host of hematopoietic and immuno- 
logic stem cells, all of which may bring missing 
enzymes or missing substrates not present in a 
child undergoing such a transplant for what is 
presently defective. Two such examples are 
noteworthy. 

Almost 20 years ago, the first marrow trans- 
plant took place in a child with sickle cell anemia 
(42). Sickle cell anemia is an inherited genetic 
disorder characterized by abnormal hemaiopoi- 
esis, deformities and increased sickling of red cells 
secondary to abnormal hemoglobin synthesis and 
an associated army of clinical difficulties. The 
replacement of these abnormal hematopoietic 
stem ceUs With new ones making cells with normal 
hemoglobin eliminates future problems asso- 
ciated With the disease for the child undergoing 
snch a transplant (43). In fact, hematopoietic 
transplants have been curative (40). The problem 
is related primarily to the selection of patients: 
when to offer the transplants to patients and 
when too much damage may have been done by 
the underlying disease to warrant proceeding with 
the transplants. Since the vast majority ol 
children with sickle cell disease make it into 
adult life, families have a very difficult time 
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making a decision lo proceed with a marrow 
transplant when there might be as high as a 
15-30% significant morbidity and mortality 
associated with the procedure (44, 45). 

A number of mucopolysaccharide disorders, as 
an example of another genetic disorder, have 
been cured with a hematopoietic stem cell 
transplant (46). In these cases, there is a missing 
enzyme which can be found within neutrophils 
and other cells originating from the bone marrow 
space, and these new cells will replace the missing 
enzyme and deal with substrates which accumu- 
late in abnormal places where such accumulation 
may result in significant damage. In most of the 
mucopolysaccharide disorders, proteins accumu- 
late in the nervous, system us well as in the heart 
and liver and eventually lead to the dysfunction 
of these organs and death. A marrow transplant 
provides enzymes which are missing to help 
degrade and deal with the substrate which 
accumulates. Damage previously associated 
with the abnormal condition may not be repaired 
over time but in general, one is looking to halt the 
progression of the underlying disease. 

Significant progress has been made in learning 
for which diseases it is best to offer such 
transplants, the appropriate timing, and the 
limitation of the procedures in other patients in 
terms of correcting or halting the further 
progression of the underlying illness. 



Non-myeloabltitive transplants 

U has been well known for some time that one of 
the beneficial aspects of an allogeneic stein cell 
transplant has been the immunologic surveillance 
and immunologic treatment which is brought 
about by the growth of a new immune system. 
Patients experience graft-vs.-host disease with 
variable frequency and graft-vs.-host disease has 
been shown in several studies to be helpful if not 
essential in preventing the recurrence of an 
underlying malignancy. There appears tp be a 
graft-vs.-tumor or gratl-vs -leukemia effect from 
the new source of allogeneic hematopoietic stem 
cells (47, 48). 

This fact was further emphasized by studies 
using delayed lymphocyte infusions (DLI) to 
treat recurrent disease, as well as to treat 
significant viral infections which occur post- 
transplantation (47-49). Considering the delay 
in the recovery of normal T-lymphocytcs follow- 
ing an allograft, lymphocytes can be obtained 
from living hematopoietic stem cell donors and 
these cells can be utilized for treatment, either to 
prevent recurrent diseases by prophylactic infu- 



sions of such lymphocytes or to treat the 
recurrent chronic myelogenous leukemia which 
may occur following a transplant 

Considering the immunologic effects of the 
graft, and animal work which showed that with 
minimal conditioning therapy and minimal 
establishment of an allograft within the bone 
marrow space, further immune suppression from 
donor lymphocytes would effectively create 
complete chimerism and full cngraltmcnt. 
thereby providing individuals with the benefit 
of the new immune system provided with the new 
allograft (50). This approach holds great promise 
in establishing die presence of a new allograft and 
as such is really the goal pf the transplant process 
and at the same time, limit the preparative 
therapy given, since a complete establishment 
of hematopoiesis is not initially necessary but will 
be effected by subsequent infusions of lympho- 
cytes. This hats been One of the milestones in the 
development of pediatric hematopoietic stem cell 
transplantation. Those with an enzyme disorder, 
and potentially those with disorders only char- 
acterised by missing cellular function, need a 
small proportion of hematopoietic stem cells to 
fully engraft and function to correct the under- 
lying defect (50). A recent patient reported with 
Chediak Higashi syndrome is a good example 
whereby only a small proportion of the neutro- 
phils are actually of donor origin and therefore 
normal, but the actual number is high enough to 
have prevented any significant infections occur- 
ring tn the; years following the establishment of 
the allograft (51). 

The use of these non-royek>abIativc trans- 
plants, meaning that the preparative therapy 
has been limited in extent and toxicity, has 
permitted a very small proportion of donor cells 
to engraft, but these cells are then engineered to 
become fully chimeric with the recipient by the 
use of DLI to further suppress the host. These 
types of transplants, whereby the preparative 
therapy is minimized, are undergoing trials in the 
elderly and in more fragile individuals who would 
otherwise not qualify for transplant, in the hope 
that they will receive the beneficial effects of a 
new immune system and the immunologic 
surveillance thus provided, without the toxicity 
which often is associated with the preparative 
therapy given to bring about full engraftment. In 
addition, there are children with disorders thai 
would potentially be made worse with full doses 
of preparative therapy, including total body 
irradiation. Thus a non-myeloablative transplant 
limits the amount and type of prepairative therapy 
given, thereby limiting the potential toxicity to 
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the patient. Limiting the preparative therapy 
reduces the long-term effects but still permits full 
eventual cngraftment and provision of the 
missing components of the immune system or 
immune surveillance (Table 6). 



Conclusions 

When hematopoietic stem cell transplants began 
almost 50 years ago, they were a shot in the dark 
to try and correct underlying significant diseases 
and were eventually utilized to correct immune 
deficiencies. Over the ensuing 40 years, a variety 
of newer techniques were developed to perfect the 
source of stem cells and increase our under- 
standing of clinical situations in which one source 
ofstem cells might be better than another (52, 53). 
Improvements in supportive care made it possible 
for an ever increasing number of children to 
survive the effects of the preparative therapy and 
the subsequent graft-vs.-host disease and imma- 
turity of the immune system. High dose therapy 
with hematopoietic stem cell rescue has become a 
mainstay of modern therapy for children with 
Stage IV neuroblastoma and a significant salvage 
therapy for patients with a variety of other 
diseases when these children have failed to 
respond to more conventional approaches. The 
approaching frontier involves the in utero identi- 
fication of genetic defects and immunodeficiency 
diseases, thereby utilizing in urero^adtnraistered 
hematopoietic stem cells to provide definitive 
curative therapy (54, 55), Although children with 
leukemia make up an ever decreasing number of 
those eligible for transplantation because of the 
success of the initial therapeutic non-transplant 
treatment they receive (22), there still are a 
number or children benefiting from transplanta- 
tion who have been treated rather heavily with 
alternative therapy and we know that there are a 
variety of diseases that now benefit from 
replacement of the marrow graft and provision 
of a new immune system and improved immune 
surveillance. 
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Mesenchymal Stem Cells 
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Summary: Bone and cartilage formution in the embryo and repair and turnover 
in the adult involve the progeny of a small number of cells called mesenchymal 
stem celts. These cells divide, and their progeny become committed to a spe- 
cific and distinctive phenotypic pathway, a lineage with discrete steps and, 
finally, end-stage cells involved with fabrication of a unique tissue type, e.g., 
cartilage or bone. Local cuing (extrinsic factors) and the genomic potential 
(intrinsic factors) interact at each Uncage step to control the rate and charac- 
teristic phenotypc of the cells in the emerging tissue. The study of these mes- 
enchymal stem cells, whether isolated from embryos or adults, provides the 
basis for the emergence of a new therapeutic technology of self-cell repair. The 
isolation, mitotic expansion, and site-directed delivery of autologous stem cells 
can govern the rapid and specific repair of skeletal tissues. Key Words: Mes- 
enchymal stem cells — Bone— Cartilage — Differentiation— Self-cell therapy — 
Skeletal tissue— Embryo— Adult, 



THE CONCEPT 

It is generally agreed that in an embryo a mesen- 
chymal stem cell is a pluripotent progenitor cell 
which divides many times and whose progeny even- 
tually gives rise to skeletal tissues: cartilage, bone, 
tendon, ligament, marrow stroma, connective tis- 
sue (Fig, 1), By definition, these stem ceils are not 
governed by or limited to a fixed number of mitotic 
divisions. Their progeny are affected by a number 
of factors* however, as they become tracked into 
very specific developmental pathways in which 
both intrinsic and extrinsic factors combine to con- 
trol the molecular and cellular pattern of expression 
that results in specific tissues that perform specific 
functions based on their molecular repertoire (9,1 1). 
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Indeed, the progression from stem cell to final end 
phenotype is marked by discrete stages with transit 
from one stage to the next dependent on local cuing 
from surrounding cells (paracrine regulation) as 
well as signals emitted by the cell itself and the 
reception of its own signaling (autocrine regulation) 
(10,57). The sum of these various intrinsic and ex- 
trinsic signals defines the developmental position of 
the cells, Although difficult to reconstruct on a cell 
culture dish, such "positional information" has 
been experimentally approached by studying em- 
bryonic cells in culture, cells that have the potential 
to differentiate into various phenotypes (7,9,11,15). 

The concept of stem cells is now well established 
(21,60). Two systems serve as models for such a 
concept: First, Caenorhabditus elegans is a small 
worm whose entire developmental lineage map has 
been described (21); every cell found in the adult 
has been carefully tracked and its progenitor tree 
precisely established with every branch and sub- 
branch delineated. Second, and to be emphasized, 
the heamtopoietic cell lineage has been described 
with its several diverging pathways (21,52). It is 
now clear that each separate pathway and, indeed, 
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FIG. 1, Mesenchymal stem cell phenotypes. Mesenchymal 
stem cells are theoretically capable of differentiating through 
a series of separate and unique lineage transitions Into a 
variety of end-stage phenotypes as shown. 

progression through each separate stage within a 
discrete pathway is controlled by a balance of ex- 
trinsic and intrinsic macromoleculcs. Molecular bi- 
ologists continue to isolate, clone, and express large 
amounts of these proteins, which allows use of cell 
culture systems to identify accurately the factor 
that controls progression to which stage and when 
(51,70). The challenge for skeletal biologists is to 
use the new information and new molecular tools to 
translate these advances into a better understanding 
of skeletal development, physiology, and repair. 

EMBRYONIC MESENCHYMAL CELLS 

The middle embryonic layer, the mesoderm, 
gives rise to all of the body's skeletal elements.* 
The term, mesenchyme, is derived from the Greek 
meaning "middle" (meso) "infusion" and refers to 
the ability of mesenchymatous cells to spread and 
migrate in early embryonic development between 
the ectodermal and cndodermal layers. This char- 
acteristic migratory, space-filling ability is the key 
element of all wound repair in adult organisms in- 
volving mesenchymal ceils in skin (dermis), bone 
(periosteum), or muscle (perimysium). Proteins that 
serve as chemoattractants, chemicals that specifi- 
cally encourage this migratory activity to wound or 
developmental sites have been identified (24,32,59). 
The migratory activity of mesenchymal cells is 
complemented by their capacity to aggregate spc- 

* For the sake of clarity, I address only issues related to car- 
tilage or bone, although the some general experimental approach 
and logic can be used for other mesenchymal tissues. 



cifically to form unique developmental structures 
or, in adults, to form repair blastemas, which are 
then capable of responding to local cues and differ- 
entiating accordingly to achieve regenerative repair 
(10,11). 

Chick Limb Cells 

More than 20 years ago, my collaborators and I 
attempted to define experimentally the conditions 
and cues necessary to control the differentiation of 
embryonic mesenchymal cells into cartilage and 
bone (5,7,17), Both in vivo and in vitro studies were 
used, but development of cell cultures and the gen- 
eral approach of using cell cultures has provided the 
experiential basis for approaching the study of mes- 
enchymal stem cells from adults. The system we 
developed was the culturing of stage 24 (day 4.5) 
embryonic chick limb mesenchymal cells under 
conditions that promoted differentiation of cartilage 
(chondrocytes) (5,7,13,20) and bone (osteoblasts) 
(42,65). 

Chondrocytes 

Our first experimental effort with embryonic 
chick limb mesenchymal cells was to focus on chon- 
drocyte development, which we learned was con- 
trolled by the initial plating density (5,17), oxygen 
levels (14), or, as recently shown by other investi- 
gators, a variety of physical and chemical factors 
(53,58,61). The key factor in the conversion of a 
mesenchymal cell to a chondrocyte is maintaining 
the progenitor cell in a round, unspread conforma- 
tion. This can be accomplished simply by plating 
the cells initially under very compact, high-density 
conditions: 5 X 10 6 embryonic stagc-24 limb mes- 
enchymal cells per 35-mm dish (5,17). Even in a 
simple, defined medium consisting of insulin, trans- 
ferrin, bovine scrum albumin (BSA), and hydro- 
cortisone in Eagle's minimum essential medium 
(MEM), the differentiation of chondrocytes and 
their further development can be documented as 
long as the cells are initially seeded at high density 
(18,30). 

The high-density, limb cell-derived chondrocyte 
in culture makes two cartilage-specific molecules in 
abundance; type II collagen (68) and a large chon- 
droitin sulfate, keratan sulfate proteoglycan (CSPG) 
(13,18,20). By detailed chemical and physical char- 
acterization of the CSPG synthesized on each day 
of culture, we showed that the glycosaminoglycan 
chains arc biosynthesized slightly differently with 
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time (Fig. 2). Peptide maps show that the newly 
synthesized core protein (26) is identical on each 
day of culture, whereas the chondroitin sulfate 
chains are synthesized progressively shorter 
(30,000 D on day 2 to 15,000 D on day 20) and the 
keratan sulfate chains are synthesized progressively 
larger (0 to 10,000 D) (13,20). This biosynthetic pro- 
gression is exactly what has subsequently been 
shown to occur in the cartilages of embryonic, 
adult, and aging human (50) and bovine specimens 
(62). 

That embryonic chondrocytes have an aging- 
dependent program of changing biosynthesis is fur- 
ther documented when cultured embryonic chick 
chondrocytes arc transplanted in a fibrin-based de- 
livery vehicle into defects at the articular surface of 
adult chickens (29). Such chondrocytes produce 
what appears to be appropriate cartilaginous matrix 
and have been followed >18 months. The resulting 
repair cartilage appears to integrate perfectly into 
the defect and to provide the animal with a healthy, 
normal articular surface. These experiments and 
others clearly establish the concept of repairing car- 
tilage with embryonic or appropriate reparative 
cells. 

Osteoblasts 

Our initial success in studying emergence of 
chondrocytes and formation of cartilaginous tissue 
from cultures of limb mesenchymal cells encour- 
aged us to study differentiation of osteoblasts and 
formation of bone as well. Our initial logic was that 
high-density conditions caused cartilage formation 
and that cartilage was the progenitor tissue of bone. 
(Some investigators have reported that cartilage 



provides the scaffold for bone formation.) After 2 
years of frustrating experimentation, we realized 
that when infrequent bone and osteoblasts could be 
identified, the bone had formed at a distance from 
cartilage and never on or in the cartilage (42). By 
carefully decreasing the initial cell density of limb 
mesenchymal cells to just below the density at 
which some mineralized cartilage could form (2 x 
10 6 cells/35-mm dish), we observed numerous de- 
posits of bone and abundant osteoblasts which, 
again, were clearly at some distance from cartilage 
(6,42,44), In addition, these osteoblasts exhibited 
the classic response to parathyroid hormone (PTH) 
of elevated cyclic AMP levels (71,72) and possessed 
a bone-specific alkaline phosphatase (43). These stud- 
ies clearly indicated that embryonic chick limb mes- 
enchymal cells were capable of differentiating into 
osteoblasts and that the culture conditions support- 
ing optimum osteoblast emergence were different 
from the conditions optimum for chondrogenesis. 

Mouse and Human Limb Cells 

With regard to cartilage and bone, the properties 
of mouse and human limb mesenchymal cells in cul- 
ture appear to be quite similar, if not identical 
(25,46). Likewise, cartilage and bone development 
in vivo are also quite comparable, with the mzyor 
exception that embryonic cartilage of chick docs 
not calcify whereas that of mammals always calci- 
fies (16). The comparable developmental properties 
of aves, rodents, and humans encourages us to con- 
tinue experimentation with animal cells as an ap- 
proximation of better understanding of the proper- 
ties of human cells and tissues. 



FIG. 2. Proteoglycans synthesized by newly dif- 
ferentiated, mature, and senescent chondrocytes. 
With Increasing age, chondrocytes synthesize 
proteoglycans that have smaller chondroitin sul- 
fate chains and larger keratan sulfate chains 
(7,8,12,13,20). 
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LINEAGE OF MESENCHYMAL CELLS 
Cartilage 

The important inference from the above discus- 
sion is that chondrocytes have a programmed (i.e., 
genetically dictated) sequence of changes in their 
end-stage expression (8,12). The differences in gly- 
cosaminoglycan chain lengths or chemistry are sta- 
ble to cell culturing or metabolic perturbation. The 
control of these events is not known, but all exper- 
iments designed to slow this sequence of biosyn- 
thetic alterations or reverse them have failed. The 
inference is that a genomic mechanism somehow 
"tells lime" and that this clock is hard-wired and 
unidirectional (8,12). 

Such biosynthetic changes in articular cartilage 
are different from the lineage changes observed in 
adult growth plate or embryonic limb cartilage. A 
discrete set of expressional stages or lineage states, 
comprising dividing, maturing, and hypertrophic 
chondrocytes, is uppnrcnt in embryonic limb tissue, 
cell culture (13,58,61), and in the growth plate 
(19,28). Eventually, the hypertrophic cartilage in 
vivo is eroded by vascular, marrow, and phagocytic 
cells and replaced by bone. Each chondrocytic lin- 
eage state is uniquely different from its predeces- 
sor, as shown in Fig. 3. For example, hypertrophic 
chondrocytes synthesize a unique small collagen, 
type X, and a unique proteoglycan (54,55); neither 
of these molecules is synthesized by mature chon- 

Chondroaanlc PnOQENITOR i Typo I Goll«gon. CSPG-M 



Chondrobloot 



Chondrocylo I 



Chonrocyto I 



t Typo It Collaoon, CSPQ-H 



140 Kd t link prololn 



100 Kd 



Hypertrophic Chondrocyte i Typo X collaaon, 6fl Kd. 1.280H 0 3 n 

FIQ. 3. Chondrogentc lineage. Baaed on the experiments of 
Solursh et al. (58,61) a hypothetical lineage map can be con- 
structed to consist of at least five separate stages based on 
the changing biosynthesis of proteins (named or by molec- 
ular weight, K d ) or chondroltln sulfate proteoglycan (CSPG). 
The receptor for 1,25*dlhydroxy Vitamin D 3 Is represented as 
1,250HD a R. 



drocytes. In this particular circumstance, several 
factors are proposed to contribute to conversion of 
mature chondrocytes to hypertrophic chondrocytes 
(35); reversal of this process has not been reported. 

Bone 

We recently reviewed the major aspects of em- 
bryonic bone development. Figure 4 shows several 
important elements or rules governing this complex 
process (10,11,16). First, a discrete positioning of 
progenitor cells, stacked cells, existed in proximity 
to the developing bone (47). The stacked cells give 
rise to ostcoblats in a discrete series of lineage steps 
(described below). The end stage or secretory os- 
teoblast is positioned by its proximity to vascula- 
ture, with the "back" of the osteoblast to the cap- 
illary and osteoid deposited from the "front" of this 
highly oriented secretory cell (47,48), The vascula- 
ture is the orientor of osteogenesis and the osteo- 
blast is the formative element. Cartilage is not re- 
placed by bone, but is instead the target for vascular 
(marrow) replacement (48); in the early limb, the 
cartilage model exactly defines the eventual mar- 
row cavity. 

That a discrete series of individual lineage stages 
exists between the progenitor cells in the stacked 
cell layer and the secretory osteoblasts is now clear, 
as shown in Fig. 5. We recently isolated four mono- 
clonal antibodies, SB1, 2, 3, and 5, which have 
helped provide evidence for an osteoblast lineage 
(3,4). Progenitor cells in the stacked cell layer and 
osteocytes do not interact with SB1 , 2, or 3. Newly 
differentiated osteogenic cells react with SBi, but 
not with SB2 or 3, whereas fully secretory osteo- 
blasts react with SBI, 2, and 3. A subpopulation of 
osteogenic cells reacts with SB2, but not SB3, Os- 
teocytes react with OB7.3 of Nijweidc and Mulder 
(38) or with our SB5, but not with SBI, 2, or 3. The 
lineage tree in Fig. 3 is based on these observations 
and not only establishes the existence of an osteo- 
blastic lineage but suggests that osteocytes are de- 
rived directly from osteoblasts with SBI, 2, and 3 
antigens that are suppressed as SB5 and OB7.3 arc 
turned on. Experiments arc now in progress to use 
these monoclonal antibodies to isolate representa- 
tives of each lineage stage so that studies can be 
conducted to identify the agents that promote the 
progression from one lineage stage to the next. Cen- 
tral to the thesis presented below is the existence of 
osteoprogenitor cells in the stacked cell layer, the 
future periosteum. 
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RG. 4. Sequence of progressive In vivo bone 
development. Progressive repositioning of the 
vasculature from outside the stacked cell layer 
to a position In close approximation to the first 
layer of secretory osteoblasts responsible for 
formation of the first bony collar of the chick 
tibia (11,47,48). The osteoblast is oriented with 
its back toward the Invading capillary and secre- 
tion of osteoid toward the cartilage core from 
the osteoblast's face. In this model, osteoblasts 
secrete osteoid In a direction away from vascu- 
lature (B), causing formation of a strut (C) and 
eventually forming the second layer of bone (D). 
These observations show that an Intimate rela- 
tionship exists between vasculature and newly 
forming bone. 
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BIOACTIVE FACTORS IN BONE 

Prom the carliesl days of modern humans, bone 
has been recognized to have the powerful capacity 
to repair discontinuities (22). A variety of bioactive 
factors combine in a complex multicellular, multi- 
step response in which reparative cells are specifi- 
cally attracted to the Tcpair site. These cells then 
aggregate, multiply, bridge the bone gap, and dif- 
ferentiate into chondrocytes or osteoblasts as con- 
trolled by the proximity to vasculature. Recently, 
an intensive research activity to identify and char- 
acterize these various bioactive factors was largely 



successful (56,66,67,69). Our laboratory has de- 
scribed the purification of a protein factor, chon- 
drogenic stimulating activity (CSA), which converts 
embryonic limb mesenchymal cells to chondrocytes 
(63,64). We arc also attempting to purify a bone- 
derived chemoattractant for mesenchymal cells by 
using the now standard modified Boyden chamber 
(31,33). 

Relevant to the thesis developed below, the iden- 
tity and manipulation of the cells responding to 
bone-derived bioactive factors is directly related to 
successful bone repair. Such responding cells arc 
present in the adult periosteum (36), dermis (49), 
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FIG. 5. Osteogenic cell lineage. Based on recent experimen- 
tation In which monoclonal antibodies were generated to cell 
surface antigens of osteogenic cells (3,4), a tentative lineage 
diagram reflects acquisition or loss of specific antigenic de- 
terminants. The characteristics of SB1 t 2, and 3 were de- 
scribed previously (3); SB-5 (4) has been characterized and Is 
similar to OB7.3 of Nljwelde and Mulder (38). The Individual 
lineage states are not weighted In terms of their prevalence 
or dwell-tlme; e.g., "transitory osteoblast V occurs rarely 
and cannot be recognized easily except at specific times and 
locations, whereas the "secretory osteoblast" Is easily rec- 
ognized and plentiful. 

bone marrow (1 ,40,41 ,45), and connective tissue as- 
sociated with muscle (34,37). One or all of these 
repositories are capable of forming bone when ap- 
propriately delivered bioactive factors are pre- 
sented. 

Alternately, when the responsive cells, stem 
cells, arc placed in suitable delivery vehicles that 
can retain these cells while encouraging vascular 
invasion, bone can be observed to form. Recently, 
we used calcium phosphate porous ceramics in 
composite with marrow to encourage bone forma- 
tion at both heterotopic and orthotopic sites (40,41). 
Whole disaggregated marrow cells in suspension 
are loaded into porous ceramic and transplanted to 
subcutaneous, intramuscular, or bone defect sites 



in vivo. In 1-2 months, the few mesenchymal stem 
cells in the marrow have replicated massively and 
differentiated into osteoblasts. In the dead-end 
pores of the ceramic, which are devoid of vascula- 
ture, these stem cells differentiate into chondro- 
cytes and form cartilage. 

MESENCHYMAL STEM CELLS 

From the above discussion several key facts arc 
evident. First, embryonic mesenchymal stem cells 
in the limb which give rise to cartilage and bone in 
vivo can be manipulated in vitro. Second, these 
cells have a lineage progression of separate, indi- 
vidual steps, whether it be the chondrogentc or os- 
teogenic pathway. Third, local cuing, sometimes in- 
volving highly potent protein factors, is responsible 
for providing positional information and causing lin- 
eage progression. Cell culture conditions have been 
refined to the extent that not only can these pro- 
gressive events be studied in detail, but manipula- 
tion of the cells is also possible to provide control of 
tissue size and function, 

Fourth, although chondrocytes and osteoblasts 
are derived from a common mesenchymal cell, the 
conditions for their initial differentiation and pro- 
gression through the individual steps of their lin- 
eages are uniquely different. For example, osteo- 
genesis is dependent on proximity to vasculature 
whereas chondrogenesis requires the complete ab- 
sence of vasculature (7,10,11,16); osteogenesis is 
optimum at an initial cell culture seeding density in 
35-mm dishes of 2 x 10 6 embryonic limb mesenchy- 
mal ceils, whereas chondrogenesis is optimum at 5 
x cells (5,17,42). 

Fifth, bone forms from mesenchymal stem cells 
in a cartilage-independent manner with vasculature 
providing a determinative discriminator between 
these two tissues; embryonic cartilage is not re- 
placed by bone, but rather by vasculature and mar- 
row (10,11,16). Sixth, we can demonstrate that 
three tissue sites are the repositories of mesenchy- 
mal stem cells: marrow (1,40,41,45), periosteum 
(36), and muscle connective tissue (34,37). 

MARROW 

Figure 6 outlines an assay to demonstrate that 
marrow contains mesenchymal stem cells capable 
of differentiation into cartilage and bone. Whole 
marrow is disrupted into single celts by passing it 
through needles of successively smaller sizes; the 
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FIG. 6. Diffusion chamber assay in nude mice. Cell samples 
from marrow or other sources can be loaded Into chambers 
composed of two Mlllipore filters glued to the edges of a 
plastic ring. These chambers are then Implanted In the peri- 
toneal cavity of athymic (nude) mloe as a highly vascular In 
vivo incubation site. The filters prevent host cells from enter- 
ing the chambers but permit rapid diffusion of nutrients and 
other factors Into or out of the chamber. Histologic Identifi- 
cation of two distinctive phenotypes, cartilage and bone, In- 
dicates that mesenchymal stem cells were present In the Ini- 
tial Inoculum (1,2,45). 



cells arc counted, and I— 10 x IO 6 cells are placed in 
a small diffusion chamber (1,2,45). This chamber is 
of simple construction consisting of a small plustic 
ring onto which two Millipore filters have been 
glued. The filters allow body fluids (salts , nutrients, 
proteins, large protein complexes) to pass in and 
out of the chamber, but cells inside are not mixed 
with host cells, and tissues such as the vasculature 
are completely excluded. These chambers are im- 
planted into the peritoneal cavity of an athymic 
(nude) mouse as an in vivo incubator, and they 
quickly become surrounded by host vasculature. 
Detailed studies have shown that the hematopoietic 
cells are eliminated, whereas mesenchymal cells 
vigorously divide and differentiate into cartilage in 
the middle of the chamber and bone at the filter 
interfaces closest to the enveloping vasculature 
(1,2,45). The presence of both cartilage and bone in 
the diffusion chamber has been compared to the 
presence of predominantly bone inside the highly 
vascularized pore regions of porous calcium phos- 
phate ceramics loaded with marrow cells and im- 
planted at heterotopic or orthotopic sites described 
above (40,41). 

As a refinement of these experiments, we have 
been able to purify marrow mesenchymal cells by 
their differential adhesion to culture dishes and 
have successfully cultured cells through many pas- 
sages (23). These cultured marrow mesenchymal 
cells from rat or chicken retain their capacity to 
differentiate into osteoblasts in ceramics through 



such subculturing. Of importance is the demon- 
strated success of isolating marrow mesenchymal 
cells and mitotically expanding these cells with re- 
tention of their full developmental potency to dif- 
ferentiate into osteoblasts or chondrocytes. 

Periosteum 

Another repository for mesenchymal stem cells is 
the periosteum, a complex layer of cells that com- 
poses the outermost layer of long bone; we have 
termed the periosteum the stacked cell layer in de- 
veloping embryos (1,16,47,48). This layer clearly 
responds to injury by rapidly expanding and form- 
ing woven bone; it also has cells capable of differ- 
entiating into chondrocytes when the periosteum is 
transplanted into an articular cartilage defect (39). 
In experimentation paralleling that described above 
for marrow mesenchymal cells,we have been suc- 
cessful in culturing and passaging periosteal cells 
(36). In porous ceramics implanted in nude mice, 
these cultured periosteal cells differentiate into os- 
teoblasts (36). When the same cell preparation is 
injected into a subcutaneous site in a nude mouse, 
the cultured periosteal cells differentiate into both 
bone and cartilage (36). The important point is that 
culture-expanded periosteal cells retain their full 
developmental potency and can be manipulated to 
form two very complex and different tissues, bone 
or cartilage. 

THE FUTURE: (SELF-CELL THERAPY) 

Several important conceptual and technical ad- 
vances have converged to allow us to consider the 
possibility of using a patient's own mesenchymal 
stem cells as starting material for tissue repair pro- 
tocols. Mesenchymal stem cells must exist to main- 
tain the living organisms, just as hematopoietic 
stem cells must exist to support both red and white 
blood ceil turnover. Developmental biology has 
taught us that differentiated cells arise in a sequence 
of definitive cellular and molecular transitions, a 
lineage, from stem cell to end phenotypc. Bone, for 
example, turns over; new osteoblasts arise, have a 
defined half-life, make new bone, and then die, to 
be replaced by other newly differentiating end-stage 
osteoblasts. Such osteoblasts must arise from stem 
cells; thus, a living organism must have repositories 
of stem cells. 

Therefore, we might be able to isolate such hu- 
man mesenchymal stem cells and place them in cell 
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culture, where we could mitotically expand their 
numbers. Eventually, if we had enough of these 
cells, we could reintroduce them into the original 
donor in a manner that guaranteed that they would 
massively differentiate into a specific tissue, such 
as cartilage or bone, at a transplantation or repair 
site, Immunorejection would not be a problem be- 
cause the donor and host would be one and the 
same. 

The first experimental step to test this idea is to 
determine if the animal-based technology described 
above can be modified to be used with human ma- 
terial. The first attempts at this have been highly 
encouraging. Recently, human marrow was intro- 
duced into diffusion chambers which were placed in 
nude mice; both cartilage and bone were eventually 
observed in the chamber (2). We recently cultured 
human marrow and isolated mesenchymal cells that 
were passaged, introduced into porous ceramics, 
and implanted subcutnneously in nude mice. In the 
pore regions of these highly vascularized compos- 
ites, bone clearly formed in every sample of culture- 
expanded, marrow-derived mesenchymal cells 
tested (27). These preliminary experiments provide 
hope that the animal-based technology developed 
for mesenchymal cells from marrow or periosteum 
will be translatable to humans. 

The concept of ex vivo manipulation of cells and 
their reimplantation into a donor is the basis for 
proposing self-cell therapy as a future possibility. 
Massive bone regeneration to fill gaps from tumor 
excision, regeneration of damaged articular carti- 
lage, and maintenance of bone formation in the eld- 
erly at risk for osteoporosis are clinical protocols 
that require large numbers of the appropriate repar- 
ative skeletal cells. The patient's own mesenchymal 
stem cells may prove to be the basis of a new, cell- 
based treatment plan requiring the merging of mo- 
lecular biology to produce specific bioactive fac- 
tors, cell biology to develop ex vivo manipulation 
regimens, and surgeons able to implant cells capa- 
ble of repairing skeletal defects by the regeneration 
process. 
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Summary 

Background Emerging evidence suggests that stem cells and 
progenitor cells derived from bone marrow can be used to improve 
cardiac function in patients after acute myocardial infarction. In this 
randomised trial, we aimed to assess whether intracoronary transfer of 
autologous bone-marrow cells could Improve global left-ventricular 
ejection fraction (LVEF) at 6 months' follow-up. 

http://www.thelancetxom/journal/journal.isa 7/10/2004 
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Methods After successful percutaneous coronary Intervention (PCI) for 
acute ST-segment elevation myocardial infarction, 60 patients were 
randomly assigned to either a control group (n=30) that received 
optimum postinfarction medical treatment, or a bone-marrow-cell 
group (n=30) that received optimum medical treatment and 
intracoronary transfer of autologous bone-marrow cells 4-8 days (SD 
1-3) after PCI. Primary endpoint was global left-ventricular election 
fraction (LVEF) change from baseline to 6 months' follow-up, as 
determined by cardiac MRI. Image analyses were done by two 
investigators blinded for treatment assignment Analysis was per 
protocol. 

Findings Global LVEF at baseline (determined 3-5 days [SD H-5] after 
PCI) was 51-3 (9-3%) in controls and 50-0 (10-0%) in the bone-marrow 
cell group (p«0-59). After 6 months, mean global LVEF had Increased 
by 0-7 percentage points in the control group and 6*7 percentage 
points In the bone-marrow-cell group (p=0 0026). Transfer of bone- 
marrow cells enhanced left-ventricular systolic function primarily in 
myocardial segments adjacent to the infarcted area. Cell transfer did 
not increase the risk of adverse clinical events, in-stent restenosis, or 
proarrhythmic effects. 

Interpretation Intracoronary transfer of autologous bone-marrow-cells 
promotes improvement of left-ventricular systolic function in patients 
after acute myocardial infarction. 
* top 

Introduction 

Rapid reperfusion of the infarct-related coronary artery is of great 
importance in salvaging ischaemic myocardium and limiting the infarct size 
in patients with acute myocardial infarction. When done expeditiously and 
expertly, percutaneous transluminal coronary angioplasty with stent 
implantation is the method of choice to re-establish coronary flow. 1 
Unfortunately, myocardial necrosis starts rapidly after coronary occlusion, 
usually before reperfusion can be achieved. 2 The loss of viable myocardium 
initiates a process of adverse left-ventricular remodelling, leading to 
chamber dilatation and contractile dysfunction in many patients, 3 In this 
context, much interest has followed from experimental studies showing that 
cardiac transfer of unfractionated bone-marrow cells, or stem cells and 
progenitor cells derived from bone marrow can enhance functional recovery 
after acute myocardial infarction. 4 ' 5 Based on these data, stem cells and 
progenitor cells derived from bone marrow have been proposed for use in 
the repair of cardiac tissue after acute myocardial infarction in patients. 6 " 8 

Early clinical investigations indicate that infusion of autologous bone-marrow 
cells into the infarct-related coronary artery is feasible after acute myocardial 
infarction. 9,10 However, because these studies were not randomised trials, 
the efficacy of intracoronary transfer of bone-marrow cells for functional 
recovery after acute myocardial infarction in patients has remained 
uncertain. We did a randomised controlled trial to assess the effect of 
intracoronary transfer of autologous bone-marrow cells on left-ventricular 
functional recovery in patients after acute myocardial infarction and 
successful percutaneous coronary intervention (PCI). 

* top 
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Patients 

Patients were eligible if they were admitted within 5 days of the onset of 
symptoms of a first ST-segment elevation myocardial infarction, had 
undergone successful PCI with stent implantation in the infarct-related 
artery, and had hypokinesia or akinesia involving more than two thirds of the 
left-ventricular anteroseptal, lateral, and/or inferior wall, as shown by 
angiography done immediately after PCI. We excluded patients who had 
multivessel coronary artery disease, pulmonary oedema, cardiogenic shock, 
advanced renal or hepatic dysfunction, or documented terminal illness or 
cancer. 

This randomised-controlled study of BOne marrOw transfer to enhance ST- 
elevation infarct regeneration (the BOOST trial) was approved by our local 
Ethics Committee. Patients provided written informed consent. 

Randomisation and baseline cardiac MRI 

Patients were randomly allocated in a 1 :1 ratio to either the control or bone- 
marrow-cell groups, with use of sequentially numbered, sealed envelopes 
provided by 1ST (DM). After randomisation, all patients underwent cardiac 
MRI. 

Harvest and transfer of bone-marrow cells 

After baseline cardiac MRI, bone marrow was harvested from patients in the 
bone-marrow-cell group. Bone marrow was processed by 4% gelatine- 
polysuccinate density gradient sedimentation according to current Good 
Manufacturing Practice (GMP) regulations (Cytonet, Hannover, Germany), 
to reduce the volume of the preparation and to deplete erythrocytes and 
platelets. The final suspension of bone-marrow cells was washed and 
resuspended in saline with 10 000 U/L heparin. 

We used an automated haemocytometer to measure the number of 
nucleated cells, packed-cell volume, and platelet count in the initial bone 
marrow aspirate and in the final preparation of bone-marrow cells. 
Nucleated cell viability was assessed by trypan blue exclusion. We 
measured the number of CD34+ cells with flow cytometry analysis 
(FACSCalibur, BD Biosciences, Heidelberg, Germany) using an antibody 
from Beckman Coulter (Krefeld, Germany). Haemopoietic colony-forming 
cell growth was measured by a methylcellulose assay (StemCell 
Technologies, St Katharinen, Germany). 

6-8 h after bone-marrow harvest, the final preparation of bone-marrow cells 
was infused into the infarct-related artery via the central lumen of an over- 
the-wire balloon catheter (Concerto, Occam International, Eindhoven, 
Netherlands). To allow bone-marrow cells maximum contact time with the 
microcirculation of the infarct-related artery, the balloon was inflated inside 
the stent to transiently interrupt antegrade blood flow during infusions. The 
entire bone-marrow-cell preparation was infused during four to five coronary 
occlusions, each lasting 2*5-4 min. Between occlusions, the coronary artery 
was reperfused for 3 min. 

Follow-up 

All patients were treated with aspirin (300 mg daily for 4 weeks after PCI, 
then 100 mg daily), clopidogrel (300 mg loading dose, then 75 mg daily for 
at least 4 weeks after PCI), an angiotensin-converting enzyme (ACE) 
inhibitor or angiotensin-receptor blocker, a Sblocker, and a statin (if LDL 
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cholesterol concentrations were above 2-6 mmol/L), unless these agents 
were contraindicated. At both 6 weeks and 3 months after discharge, 
patients had follow-up examinations to assess their clinical status and to 
review their current medication. Where necessary, dosages of angiotensin- 
converting enzyme inhibitors (ACE-inhibitors) t angiotensin-receptor 
blockers, d blockers, and statins were adjusted in accordance with current 
practice guidelines. 11,12 6 months after discharge, cardiac MRI was 
repeated in all patients. In addition, patients were scheduled to undergo 
coronary angiography to assess the degree of restenosis in the stented 
segment of the infarct-related artery. Restenosis was quantified with a 
computer-based system (CMS, Medical Imaging Systems, Leiden, 
Netherlands) by an investigator unaware of treatment assignment (AM). 

To assess whether intracoronary bone-marrow-cell transfer was associated 
with proarrhythmic effects, we obtained 24 h Holter recordings from all 
patients before hospital discharge, and at 6 weeks', 3 months', and 6 
months' follow-up. From these recordings, the mean number of premature 
ventricular complexes per h was calculated. We also recorded the number 
of non-sustained and sustained ventricular tachycardias per recording. In 
addition, patients were scheduled to undergo programmed ventricular 
stimulation at 6 months' follow-up. Ventricular stimulation was done at the 
right-ventricular apex and the right-ventricular outflow tract with single, 
double, and triple extra stimuli at twice the diastolic threshold and basic 
cycle lengths of 500 ms and 400 ms. 

Cardiac MRI 

Cardiac MRI was done with the patient in supine position in a 1.5-T scanner 
(CV/i, General Electric, Munich, Germany) using electrocardiogram (ECG) 
gating and a four-element phased array receiver coil. To measure left- 
ventricular volumes, we used repeated breath-hold fast gradient echo 
sequences in a steady state (FIESTA, General Electric). Sequence 
parameters were as follows: TR/TE 3-8/1 -6 ms, 40° flip angle, 224x224 
matrix, field of view 36-38 cm, in-plane resolution 1-6x1 -6-1 -7x1 -7 mm, 38- 
40 phases per RR-interval, 10 mm slice thickness. An end-diastolic, 
horizontal long-axis plane of the left ventricle at end-expiration provided the 
reference image on which a stack of contiguous short-axis slices was 
positioned to cover the entire left ventricle. 

Contrast-enhanced MRI was used to assess myocardial injury after acute 
myocardial infarction. 13 A breath-hold k-space segmented T1 weighted 
inversion recovery gradient echo sequence was used to cover the entire left 
ventricle with 7-8 mm short-axis slices as described above (TR/TE 7-1/3-1 
ms, 256x192 matrix, field of view 36-38 cm, in-plane resolution 1*4x1*9- 
1-5x2-0 mm). Inversion time (200-220 ms) was individually adapted to null 
the signal of the myocardium. End-diastolic images were obtained starting 
15 min after an intravenous bolus injection of 0-15 mmol/kg gadobutrol, a 
gadolinium-based extracellular contrast agent (Schering, Berlin, Germany). 

All image analyses were done by two investigators who were unaware of 
treatment assignment (CB and SF), using the MASS 4.0.1 software (Medical 
Imaging Systems). Endocardial and epicardial borders were traced in all 
end-diastolic and end-systolic short-axis slices to determine left-ventricular 
end-diastolic volumes (LVEDV) and end-systolic volumes (LVESV) for 
global and regional calculation of left-ventricular ejection fraction (LVEF), 
and left-ventricular mass. For assessment of infarct volumes, late contrast 
enhancement was quantified. LVEDV index, LVESV index, and left- 
ventricular-mass index were calculated by dividing LVEDV, LVESV, and left- 
ventricular mass by body surface area. Regional LVEF was derived by 
calculating LVEF only in slices showing late contrast enhancement at 
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baseline. Regional left-ventricular function was assessed by determining 
systolic wall motion in the infarct region and border zone. Systolic-wall 
motion was defined as the radial displacement of the endocardial contour at 
systole. Myocardial segments showing late contrast enhancement at 
baseline were defined as the infarct region. Segments adjacent to the infarct 
region were defined as the border zone. 

Statistical analysis 

Primary endpoint was the change from baseline in global LVEF at 6 months* 
follow-up. Secondary endpoints were changes in LVEDV index, LVESV 
index, left-ventricular-mass index, and late contrast enhancement. We 
calculated that we would need 30 patients in each group to achieve a power 
of at least 80% to detect a difference in global LVEF change of 5 percentage 
points between study groups, with a two-sided significance level of p<0 05, 
and a common standard deviation of 6-5 percentage points for the global 
LVEF change from baseline to 6 months' follow-up. We used ANCOVA to 
compare global LVEF changes in the two study groups, with bone-marrow- 
cell treatment as the main factor and LVEF at baseline as a covariate. To 
estimate the treatment effect, differences in least-squares means and 
corresponding 95% CI were calculated based on the ANCOVA model. We 
analysed secondary endpoints using the same methods. The consistency of 
the treatment effect on global LVEF change was assessed across several 
subgroups. All statistical tests were two-sided with a significance level of 
p<005. 

Homogeneity of treatment groups at baseline was assessed using Student's 
t test for continuous variables showing no marked deviations from the 
normal distribution. For other continuous variables or ordinal baseline data, 
the Wilcoxon rank-sum test was used. Categorical baseline data were 
investigated using X 2 tests. The relation between the number of nucleated 
cells, CD34+ cells, and haemopoietic colony-forming cells infused into the 
infarct-related coronary artery and subsequent global LVEF changes were 
assessed with Pearson's correlation coefficient. Subgroup analyses were 
not prespecified but were exploratory in nature. All subgroup analyses are 
reported. 
* top 



Results 

Between January, 2002, and May, 2003, 78 patients were informed about 
the trial. 65 patients were randomly allocated to treatment. After 
randomisation, five patients were withdrawn because they could not 
undergo cardiac MRI, either because of claustrophobia or severe obesity. 
The final cohort included 30 controls and 30 patients in the bone-marrow- 
ceil group (figure 1). Table 1 shows patients' baseline characteristics. All 
patients received optimum postinfarction medical treatment (table 1). 




Figurel :Trlal profile 



BMC=bone-marrow cell. 
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Control group BMC group 


P 




(n=30) 


(n=30) 




Age (years) 


59 2 (13 5) 


53-4 (14-8) 


on 


Men 


22 (73%) 


20 (67%) 


0 57 


Body-mass index (kg/m 2 ) 


26-2 (4-2) 


25-8 (3 0) 


0-67 


Diabetes mellitus 


3(10%) 


3(10%) 


10 


Hyperlipidaemia* 


7 


9 


056 


Hypertension 


13(43%) 


9 (30%) 


0-28 


Current cigarette use 


17 (57%) 


18 (60%) 


0-79 


(number of patients) 








Median time from symptom 


8 0 (3-120) 


9-8 (2-22) 


0-92 


onset to PCI (h) (range) 








Killip class 








1 


25 (83%) 


23 (77%) 


051 


2 


5(17%) 


7 (23%) 




3or4 


0 


0 




Infarct-related artery 








Right coronary artery 


7 (23%) 


7 (23%) 


10 


Left coronary artery 


23 (77%) 


23 (77%) 




TIMI flow grade 








before PCI: 






0-73 


Grade 0 or I 


16 (53%) 


13 (43%) 




Grade II 


13(43%) 


16 (53%) 




Grade III 


1 (3%) 


1 (3%) 




after PCI: 






0-75 


Grade 0 or I 


0 


0 




Grade II '' 


7 (23%) 


6 (20%) 




Grade III 


23 (77%) 


24 (80%) 




Maximum serum creatine 


2844(1161) 


2968 (1867) 


0-77 


Kinase concentration (U/L) 








Maximum serum creatine 


156 (51) 


175 (123) 


046 


Kinase MB concentration (U/L) 








Maximum serum troponin 


7-4 (4-4) 


7-4 (5-5) 


0-99 


T concentration (ug/L) 








Periprocedural therapy 








Thrombolytic therapy before PCI 


10 (33%) 


14 (47%) 


0-29 


Platelet glycoprotein llb/llla inhibitors 

•i .n 


14 (47%) 


14 (A 


Median number of stents (range) 


' 1 (1-5) 


1 d-2) 


040 


Size of stent (mm) 


3-3 (0-4) 


3-3 (0-4) 


10 


Length of stent (mm) 


17-5(96) 


17-6 (6 4) 


0-97 


Lesion characteristics 






0-71 


Type A 


8 (27%) 


6 (20%) 




Type B 


16 (53%) 


19 (64%) 




Type C 


6 (20%) 


5 (3%) 




Medication at primary discharge: 








Aspirint and clopidogrel 


29 (97%) 


30 (100%) 




ACE-inhibitors or angiotensin- 


30 (100%) 


30 (100%) 
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receptor blockers 



& blockers 


30 


(100%) 


29 


Statins 


29 


(97%) 


30 


at 6 months' follow-up: 








Aspirint 


27 


(97%) 


29 


ACE-inhibitors or angiotensin- 


30 


(100%) 


30 


receptor blockers 








6 blockers 


30 


(100%) 


29 


Statins 


28 


(93%) 


28 



BMC=bone-marrow cell. ACE=angiotensin-converting enzyme. Data are 
means (SD) or n (%) unless otherwise stated. *Serum cholesterol >5-2 
mmol/L. fPatients not receiving aspirin were treated with phenprocoumon. 
Table 1: Patients' characteristics 



Mean time from PCI to baseline cardiac MRI was 3-5 days (SD 1-5). Mean 
time from PCI to bone-marrow harvest was 4-8 days (1 3). Time from 
symptom onset to harvest of bone-marrow cells was 57 days (1 2). On 
average, 128 mL (33) of bone marrow was aspirated from the posterior iliac 
crest during a brief general anaesthesia with midazolam and etomidate. No 
bleeding complications at the harvest site were noted. 



During preparation of bone-marrow cells, the sedimentation process 
reduced the volume of bone-marrow cells to a mean of 26 mL (SD 4) and 
recovered 75% (12) of nucleated cells from the initial bone-marrow aspirate. 
The final preparation of bone-marrow cells contained 24*6x1 0 8 (SD 9*4x1 0 8 ) 
nucleated cells (viability 99% [2]), 9-5x1 0 6 (6-3x1 0 6 ) CD34+ cells, and 
3-6*1 0 6 (3-4x1 0 6 ) haemopoietic colony-forming cells. The packed cell 
volume of the final bone-marrow-cell preparation was 31% (11), and the 
platelet count was 182x10 6 (93x1 0 6 ) per mL . 



Changes of LVEDV index, LVESV index, left-ventricular-mass index, and 
late-contrast enhancement from baseline to 6 months' follow-up did not differ 
significantly between the control and bone-marrow-cell groups (table 2). The 
increase in LVEDV index at 6 months was slightly higher in the bone- 
marrow-cell group, whereas LVESV index tended to decrease more in the 
bone-marrow-cell group (table 2). 6 months after randomisation, global 
LVEF increased significantly in the bone-marrow-cell group compared with 
controls (p=00026) (table 2 and figure 2). The effects of bone-marrow-cell 
transfer on global LVEF change at 6 months 1 follow-up were consistent in all 
investigated subgroups (figure 3). The improvement in global LVEF after 6 
months' follow-up was not correlated with the number of nucleated cells (r= - 
0-11, p=0-57), CD34+ cells (r=0-13, p=0-48), or haemopoietic colony-forming 
cells (r= -0-14, p=0-46) infused into the infarct-related coronary artery. 





Baseline 




6 








months 




Controls 


BMC 


Controls 






group 




LVEDV 


81-4 


842 


849 


index 


(16-9) 


(17-2) 


(21-9) 


(mL/m 2 ) 








LVESV 


40-6 


430 


42-6 


index 


(16-9) 


(147) 


(23-5) 





Change 


BMC 


P 






treatment 








effect" 




BMC 


Controls 


BMC 




group 




group 




91-7 


3-4 


7-6 4 0 (-4 4 


0-32 


(260) 


(111) 


(20 0) to 12 5) 




42-4 


20 


-0 6 -3 2 (-9-7 


0-33 


(23-9) 


(11-1) 


(14-9) to 3-3) 
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(mL/m 2 ) 

Global 51-3 50 0 52 0 56-7 0 7 (8*1) 6-7 6 0 (2-2 to 0 0026 

LVEF (9-3) (10 0) (12-4) (12-5) (6-5) 9-9) 

(%) 

LVM 78-2 82-7 71-7 71-9 -6*5 -10-8 -2-5 ("7-3 0-30 
index (18*3) (18-7) (14-2) (14-6) (12-8) (10-6) to 2*3) 
(9/m 2 ) 

LE(mL) 30*3 33 0 19-8 18-9 -10*5 -14*1 -2-2 (-5-4 0-18 

(17*4) (211) (9-8) (12*2) (10*6) (13 0) to 10) 
BMC=bone-marrow cell. Data are mean (SD) unless otherwise stated. 
•Treatment effects expressed as differences in least-squares means 
(ANCOVA model) with 95% CI. LVM=left ventricular mass. LE=late contrast 
enhancement. There were no differences between groups at baseline. 
Table 2; Left ventricular volume and mass Indices, global LVEF, and 
late enhancement as determined by contrast-enhanced MRI at 
baseline and 6 months 1 follow-up 



F?gure2;Global LVEF at baseline and 6months' follow-up 



*p=0 0026 for difference between groups. Small dots show data for 
individual patients; large dots show mean values. Vertical bars show SD. 



F/gure3:Subgroup analyses of global LVEF changes from baseline at 
6months' foitow-up 

LE=late contrast enhancement. BMC=bone-marrow ceil. *Median values of 
the whole study population were used to create subgroups of equal size. 
^Cardiovascular risk factors were diabetes, total cholesterol concentration 
greater than 5-2 mmol/L , hypertension, or current smoking. Oval dots show 
differences of least-squares means between groups; horizontal bars show 
95% CI. 



Compared with the control group, patients in the bone-marrow-cell group 
had increased regional LVEF (p=004) and systolic wall motion in the border 
zon e (p=0 03) at 6 months. By contrast, systolic wall motion in the infarct 
region was not significantly enhanced by transfer of bone-marrow-cells 
(table 3). Representative colour-coded images showing the effects of bone- 
marrow-cell transfer on left-ventricular function are shown in figure 4. 



Baseline 6 Change BMC p 

months treatment 

Controls BMC Controls BMC Controls BMC effectt 
group group group 

Regional 47-8 46-3 48-9 53 0 1-1 6*7 5-7 (0*2 to 0 04 
LVEF (97) (10 6) (15-2) (15-5) (11-8) (9-5) 11 3) 
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(%) 

Systolic 3-9 (1 -8) 4-4 4-9 (2-9) 5-9 1 0 (2-5) 1-5 0-6 (-0-6 0*32 
wall (1-9) (2-5) (2-1) to 1-8) 

motion 
(mm), 

infarct region 

Systolic 6-8(1-6) 7 0 6-8 (2*1) 8 0 -0-1 1 0 1-1 (0-1 to 0 03 

wall (1-7) (2-1) (2-2) (1-9) 2-1) 

motion 

(mm), 

border 

zone 

BMC=bone-marrow cell. Data are mean (SD). Treatment effects are 
expressed as differences in least-squares means (ANCOVA model) and 
95% CI- There were no differences between groups at baseline- 

Table 3: Regional LVEF and systolic wall motion as determined by 
contrast-enhanced MRI at baseline and 6 months' follow-up 




F/gure4;Representative colour-coded images showing systolic wall 
motion at baseline and 6months' follow-up in two patients 

Both patients had had an anterior acute myocardial infarction. EJright 
colours indicate good systolic wall motion, whereas dark colours indicate 
poor wall motion (expressed in mm). Note improved functional recovery in 
the patient treated with bone-marrow-cells. 



No patient died or was lost to follow-up. There were no increases in troponin 
T concentrations in serum in any of the patients 24 h after intracoronary 
transfer of bone-marrow cells, indicating that the procedure did not inflict 
additional ischaemic damage to the myocardium. In 6 months of follow-up, 
three controls and one patient from the bone-marrow-cell group needed at 
least one hospital admission for worsening heart failure. One person from 
the bone-marrow-cell group developed a non ST-segment elevation 
myocardial infarction in the left circumflex territory 4 months after transfer of 
bone-marrow-cells into the left anterior descending coronary artery. This 
patient underwent PCI of the left circumflex coronary artery and completed 
the study. 

There were no differences between the control and bone-marrow-cell 
groups with respect to the number of premature ventricular complexes per h 
and the occurrence of non-sustained or sustained ventricular tachycardias 
by Holter monitoring at 6 weeks', 3 months', and 6 months' follow-up. 28 
(93%) controls and 27 (90%) patients who had bone-marrow-cell transfer 
agreed to undergo an electrophysiological study at 6 months' follow-up. A 
non-sustained ventricular tachycardia was inducible in one control patient 
and in one bone-marrow-cell transfer patient. Ventricular fibrillation was 
inducible in one control patient. In 29 (97%) controls and 28 (93%) patients 
who had bone-marrow-cell transfer, coronary angiograms were obtained at 
6 months' follow-up. Mean in-stent restenosis in the infarct-related artery, 
expressed as a percentage of luminal diameter, was 32% (SD 20) in the 
control group and 33% (23) in the bone-marrow-cell group (p-0-88). Four 
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patients from the control group and seven from the bone-marrow-cell group 
presented with an in-stent restenosis of at least 50% (p=028). One patient 
from the control group developed total in-stent occlusion. 
* top 



Discussion 

Our randomised controlled clinical trial addresses the effect of autologous 
bone-marrow-cell therapy on left-ventricular functional recovery after acute 
ST-segment elevation myocardial infarction. We have shown that infusion of 
autologous bone-marrow-cells into the infarct-related coronary artery during 
the early postinfarction period (4-8 days after symptom onset) improves 
recovery of global LVEF after 6 months. 

In view of the size of our trial, subgroup analyses must be considered with 
caution. With this caveat in mind, it is noteworthy that the effects of bone- 
marrow-cell transfer on global LVEF change were consistent across all 
investigated subgroups. The effects of cell transfer were over and above 
benefits associated with established strategies to promote functional 
recovery after acute myocardial infarction, such as PCI with stent 
implantation, and postinfarction pharmacotherapy with ACE-inhibitors, 
angiotensin-receptor blockers and Bblockers. 11,12 

Global LVEF at baseline was 51% (SD 10) in our patient cohort, which is 
consistent with previous MRI studies in patients after myocardial 
infarction. 14 ' 15 In healthy adults, normal LVEF values of 67% (5) have been 
shown with MRI. 16 Therefore, patients enrolled in our study had substantial 
functional impairment. Global LVEF increased by only 0-7 percentage points 
after 6 months' in the control group, emphasising the need for additional 
therapeutic strategies to enhance functional recovery in patients with acute 
myocardial infarction. Since 40% of patients had been transferred for rescue 
PCI from outside hospitals, the average time from symptom onset to PCI 
was quite long in our trial (median 8-5 h). Previous studies have shown that 
greater LVEF improvement (up to 4 percentage points) can be achieved 
when coronary patency is re-established within 4 h of symptom onset. 17,18 
Of note, however, is that in these studies baseline LVEF was measured 
within 24 h of PCI. 17,18 By contrast, we assessed baseline LVEF 3-5 days 
(SD 1*5) after PCI, at a time when left-ventricular function is likely to have 
partly recovered from postischaemic myocardial dysfunction (ie, stunning). 19 
Similar to the results obtained in our control group, two MRI studies that 
used serial LVEF measurements in patients with reperfused myocardium 
after acute myocardial infarction have reported no significant improvement in 
LVEF from a baseline investigation at day 5-7, to follow-up at 3^8 
months. 14,15 

Improvement of global LVEF in the treatment group was due mostly to 
improved regional systolic wall motion in the infarct border zone. Left- 
ventricular end-diastolic volumes did not decrease, indicating that transfer of 
bone-marrow-cells did not improve left-ventricular remodelling at 6 months. 
Longer follow-up of our patients is required (and will be done) to assess the 
impact of bone-marrow-cell transfer on long-term left-ventricular structural 
adaptation after acute myocardial infarction. 

Because of ethical considerations, we decided not to do bone-marrow 
aspiration and a sham left-heart catheterisation in patients randomised to 
the control group. Importantly, however, all MRI data were analysed by two 
investigators who were not aware of treatment assignments. 
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Our study was not designed to assess underlying mechanisms of treatment 
with bone-marrow-cells that promote functional recovery after acute 
myocardial infarction. Apparently, transdifferentiation of bone-marrow- 
derived haemopoietic stem cells to cardiomyocytes cannot account for the 
beneficial effects. 20,21 Instead, recent papers have highlighted the potential 
of bone-marrow cells to promote paracrine effects in ischaemic tissues (eg, 
secretion of angiogenic factors), and suggest that paracrine signalling, 
rather than cell incorporation, promotes functional recovery. 5 ' 22 " 25 

Our experience suggests that intracoronary bone-marrow-cell transfer is 
safe; specifically, there was no evidence for an increased rate of in-stent 
restenosis or proarrhythmic effects. It should be noted that high rates of in- 
stent restenosis have been reported after intracoronary transfer of 
granulocyte colony-stimulating-factor mobilised peripheral-blood 
mononuclear cells 26 Importantly, granulocyte colony-stimulating factor, 
which may promote in-stent restenosis by enhancing neutrophil recruitment 
at sites of tissue injury 27 was not used in our study. Intracoronary injection 
of bone marrow-derived mesenchymal stromal cells has been shown to 
cause microinfarctions in dogs 28 It should be noted that nucleated bone- 
marrow cells are significantly smaller than expanded mesenchymal stromal 
cells ex vivo 28 which may explain why we, and others, 10 did not observe 
infarctions (ie, increases in concentrations of troponin T in serum) after 
intracoronary transfer of bone-marrow cells. 

Our results lend support to the concept that autologous bone-marrow cells 
can be used to enhance left-ventricular functional recovery in patients after 
acute myocardial infarction. Larger trials are needed to address the effect of 
bone-marrow cell transfer on clinical endpoints such as the incidence of 
heart failure and survival. 
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PHARMAC OLOGY RESEARCH; 

Principal Investigator Abbott rUK Trial 

Principal Investigator Ajinimoto Pharmaceuticals Double-Blind Placebo-Controlled Study of 
AT-1015 in Patients with Intermittent Claudication due to peripheral arterial disease 

Sub-Investigator Amgen, Inc. Anakinra Trial for Rheumatoid Arthritis 

Principal Investigator Astra Zeneca Pharmaceutical Trial to Evaluate the Safety and 
Efficacy of XXXX and Atorvastatin 

Principal Investigator Astra ZenecaTrial Open Label Dose Comparison Study to Evaluate the 

cnhflf -S u aCY of u R o suvas te«n.versus Atorvastatin, Pravastatin, and Simvastatin in 
Subjects with Hypercholesterolemia 

Principal Investigator Parke-Davis and Pfizer Randomized Open-Label Study Comparing the 
Efficacy of Once Daily Atorvastatin to Simvastatin in Hypercholesterolemic Patients 

Principal Investigator Pilot Study to Evaluate Intracoronary Administration of Activase for the 
Treatment of Intracoronary Thrombus 

Principal Investigator Artistic Trial 

Principal Investigator AstraZeneca Trial of Niaspan versus New Generation Statin for the 
Treatment of Type IIB and Type IV Hyperlipidemia 

T?pi^?n?L 9 f a ? r u AstraZe , neca Multicenter Trial for drug (XXX) and Atorvastatin for the 
Treatment of Hypercholesterolemia 



Principal Investigator 
Principal Investigator 
Principal Investigator 
Principal Investigator 
Sub-Investigator 
Sub-Investigator 



BRAVO Trial 

BioVail Angina, & Hypertension Trial 
CAPRICORN Trial 
Challenge Trial 

Comparison of Lopentol and Omnipaque in Adult Angiocardiography 
. - Comparison of Intravenous Adenosine to Intravenous Placebo in 

Termination of Spontaneous or Induced Paroxysmal Supraventricular Tachycardia 
Principal Investigator Centocor Chinieric 7E3 Fab 

^"Td'ri^Sx^rn JS^# 1 Rand0mlZed Placebo-Controlled Dose Ranging Study 
CerSrovaSilar D^ase Atherosclerotic Cardiovascular, Peripheral Vascular, and/or 

Sub-Investigator 

Failure 
Principal Investigator 

Acute Myocardial 
Sub-Investigator 
Principal Investigator 
Principal Investigator 
Principal Investigator 
Principal Investigator 



Dose Response Study of Bucindolol in Patients with Congestive Heart 



Effects of Recombinant Human Superoxide Dismutase in Patients with 
Infarction Subject to Coronary Artery Reperfusion 
Eli Lilly - Agitation/Alzheimer's Trial 
EPILOG Trial 
ERASER Trial' 
GUSTO Trial 

P»raii»i r rn :, n n A mult L- ce " ter ' randomized, double blind, placebo-and-active controlled 
Parallel Group Dose-ranging Study of the HMG CoA Reductase Inhibitor, BMS-423526 in the 
treatment of Hyperlipidemia «^o, m me 
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Principal Investigator Study Lovastatin XL with MEVAGOR in patients with hypercholesterolemia 
Sub-Investigator Lovastatin Multi-Center Trial 

Principal Investigator Extended Trial of Lovastatin XL for the treatment of hypercholesterolemia 
Principal Investigator Multicenter Double-Blind Placebo controlled trial of drug (XXXX) in 

patients with Type 2 Diabetes and Congestive Heart Failure 
Principal Investigator Effect of LDL-Cholesterol Lowering Beyond Currently Recommended 

Minimum Targets on coronary heart disease (CHD) Recurrence in patients with Pre-Existinq 

CHD 

Principal Investigator A Double-Blind, Multi-Center, Randomized, Placebo-Controlled, Parallel 
Group Dosing Study Evaluating the Effects of Nebivolol on Blood Pressure in Patients with Mild 
to moderate Hypertension, NEB 302 

Principal Investigator Parallel Group Extension Study to Determine the Safety and Efficacy of 
Long-Term Nebivolol Exposure in Patients with Mild to Moderate Hypertension NEB 306, 

Sub-Investigator NeoTherapeutics Alzheimer's Disease 2000 

Sub-Investigator NeoTherapeutics Alzheimer's Disease 2001 

Principal Investigator OCTAVE Trial 

Sub-Investigator OCTAVE Trial 

Principal Investigator Pfizer Phase II Multicenter, double-blind placebo controlled randomized 

parallel group dose ranging study of the safety of CP529,414 soft-gel capsules 
Principal Investigator PLAC Trial 
Principal Investigator Protocol 073 Jrial 

Principal Investigator Knoll Pharmaceutical Double-Blind Randomized Clinical Trial of Slow 
Release Propafenone (Rythmol-SR(§) in .the Prevention of Symptomatic Recurrences of Atrial 
Fibrillation 

Principal Investigator PREVAIL - A Phase 2 Multicenter, Double-Blind Placebo-Controlled, Dose- 
Ranging Study to Evaluate the Safety and Efficacy of BO-653 in Prevention of Post-Angioplasty 
Restenosis in Stented Lesions 

Principal Investigator PROVE-IT TIMI 22 - Pravastatin or Atorvastatin Evaluation and Infection 
Therapy 

Principal Investigator PURSUIT Trial 
Principal Investigator QUIET Trial 
Principal Investigator RAFT Trial 

Principal Investigator REPLACE Randomized Evaluation in PCI Linking Angiomax to reduce 
Clinical Events 

Sub-Investigator Safety and Efficacy Study of Burroughs - Wellcome Tissue Plasminogen 

Activator in Patients with Acute Myocardial Infarction 
Principal Investigator A 6-week, open-label, dose-comparison study to evaluate the safety and 

Efficacy of Rosuvastatin versus Atorvastatin, Cerivastatin, pravastatin, and Simvastatin in 

subjects with hypercholesterolemia 
Principal Investigator A 48-week, open-label, non-comparative, Multicentre, Phase Illb study 

to evaluate the efficacy and safety off the Lipid-Regulating agent Rosuvastatin in the treatment 

of subjects with Fredrickson Type Ha ahd Type lib Dyslipidemia, including Heterozygous 

Familial Hypercholesterolemia 
Principal Investigator SAGE Trial 

Sub Investigator Long Term Open Label Safety and Tolerability Study of SCH58235 inn 

addition to Pravastatin in Patient With Primary Hypercholesterolemia 
Principal Investigator Phase III Double-Blind Efficacy and Safety Study SCH58235 (10 mg) in 

Addition to Pravastatin Compared to Placebo in Subjects with Primary Hypercholesterolemia 
Principal Investigator Phase III Open Label Efficacy and Safety Study SCH58235 (10 mg) in 

Addition to Pravastatin Compared to Placebo in Subjects with Primary Hypercholesterolemia 
Principal Investigator Sepracor Protocol Study of Norastemizole in Cardiac Compromised 
Subjects 

Principal Investigator SPORTIF V - Atrial Fibrillation Trial 
Principal Investigator SWORD Trial 

Principal Investigator Titration-to-Response Trial Comparing Micardis and COZAAR® in 
Patients with Mild-to-moderate Hypertension 
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Principal Investigator TNT Trial 
Principal Investigator TREND Trial 
Sub-Investigator VALDECOXIB Trial 

Principal Investigator An Open-Label, Multinational, Multicentre, Extension Trial to Assess the 
Long-Term Safety and Efficacy of ZD4522 in Subjects in the ZD4522 Clinical Trial Program 

BASIC RESEARCH: 

1990 - 1993 Systematic assessment of Medtronic balloons and guiding catheters in porcine 
and canine models. Sponsored by Medtronic, Inc. 

1990 - 1993 Determination of radiopacity and torquability of Medtronic vascular catheters in 
porcine models. Sponsored by Medtronic, Inc. 

1992 - 1996 Evaluation of Strecker stent in porcine and canine models. 

Sponsored by Boston Scientific 

Evaluation of Wiktor stent and stent in porcine and canine models. 
Sponsored by Medtronic, Inc. 

Evaluation of NIR stent in porcine models. 
Sponsored by Cordis Corp. 

1990 - 1994 Evaluation of Japan Crescent radiofrequency balloon in porcine model with 

emphasis on histopathology of heat-produced lesions. Abstract submitted 
at 1993 AHA Conference. 

1993 Evaluation of radiofrequency wire for total coronary occlusions in porcine models: 

Determining energy limitations. Equipment subsequently licensed to 
Radius Medical. 

1994 - 1997 Training courses for professionals (physicians, engineers, technicians) in techniques 

and strategies for placement of coronary stents. Five courses sponsored by 
Johnson & Johnson, Medtronic, Inc. and Cook, Inc. 

1997 Efficacy of the Endotex Abdpminal Aortic Aneurysm exclusion device in a porcine 

model gauging ability to exclude renal arteries, ease of placement and 
rad iopacity . Sponsored by Endotex 

1998 Use of percutaneous myocardial revascularization in a porcine model. 

Sponsored by Cardiogenesis Corporation at Stanford University. 

1998 - 1999 Utility of radiofrequency ; (RF) percutaneous myocardial revascularization 

in acute and chronic porcine model: Histopathology and angiogenesis 
related to use of RF alone and in combination with growth factor (VEGF). 
Results presented at Angiogenesis 1999, Washington, DC. 

1999 Development and testing of embolic probe device in porcine model 

(patent pending). Performed at PRMC and separately at Columbia Presbyterian 
in New York. 

1999 Evaluation of the Medtronic carotid and SVG stent in porcine carotid and 

saphenous vein graft lesions assessing ease of use and 30-day outcome. 
Sponsored by Medtronic, Inc. 

1999 Development and testing of Protector vascular embolic protection device in 
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1999 



1999 



porcine model at Mayo Clinic (device patent pending). 

Evaluation of ability of intramuscular growth factor to stimulate angiogenesis in 
rabbit hindlimb model at 30 and 60 days post-procedure ng, ° 9enesis In 
Sponsored by Sulzer Medical. 

Use of Vesseaf device ! to close porcine peripheral artery tears (patent #6 159 197) 
Sponsored by Phoenix Heart Center. #°,x3y,iy/j 



PUBLICATIONS- 

Bay l68™72 HeUSer FU ' minant C6te Johns H °P kin s Medical Journal 1979 May; 144(5): 

Heuser RR, Achuff SC, Brinker JA: Inadvertent division of an anomalous left anterior desronriinn 

° f tetra, ° 9y ° f fa " 0t - Am^ , „^^ f S Clnd,nfl 

FUCh Hi a R n M n n HeUSe > R I 1 ' Yin FC ' Brinker JA: Limita ^ns of pulmonary wedge V-waves in 
diagnosing mitral regurgitation. The American Journal of Cardiology 9 1982 ^49(4): 

Fuchs RM, Brin KP Brinker J A/ Guzman PA, Heuser RR, Yin FC: Augmentation of regional 

."nKfflJsr ^^^m^ nterm in patients with ~ 

system,c sclerosis. Annals of Internal Medical 1986 Nov; 105(5): 661-668 

Heuser RR: Cardiogenic shock treated by PTCA. Cardiology 1987;4(6):64-66. 

Heuser RR, Maddoux GL, Goss JE, Ramo BW, Raff GL, Shadoff N: Coronary anqioolastv for an.tP 
mitral regurgitation due to myocardiaMnfarction: A nonsurgical treatment Praser^n?mlSf 
valve integrity. Annals of Internal Medical 1987 Dec; 107(6): 852-855 P reservin 9 mitral 

Maddoux GL Goss JE Ramo BW, Raff GL, Heuser RR, Shadoff N, Wilson JN, Deane WM Hovt 
TW Fowler BN, Gerety RL, Hoffman AR: Left main coronary artery embolism A case reoort 
Catheterization and Cardiovascular diagnosis 1987 Nov-Dec;13(6):394-397 

Maddoux GL Ramo BW, Goss JE, Raff GL, Heuser RR, Shadoff N, Leatherman GF Blake K 
Wilson JN, Deane WM, Hoyt TW, Fowler BN, Gerety RL, SansonettiE^ Angina and ' 
vasospasm at rest in a patient with an anomalous left coronary system Cathetehzation 
and Cardiovascular Diagnosis 1989 Feb; 16(2) :95-98. svste ™- Catheterization 

Goss J E, Ramo BW, Raff GL, Maddoux GL, Heuser RR,, Shadoff N, Leatherman GF Blake K- 

aTi^f'r 2 med,a dUring ^™ous trans.u'mina. corona^ aVte^/ 

ang.oplasty. Catheterization and Cardiovascular Diagnosis 1989 Mar; 16(3): 195-198. 

""Tn^IS*? ? S: . Holm ' u , m 'aser angioplasty after failed coronary balloon dilation- Use of 
1991 Ju° 237^187 ll 9 SySte ^ Catheteri2ation ^d Cardiovascular Sosis 
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Cardiovascular Diagnosis 1992 Apr;25(4):300-303 ^ametenzation and 

Se9 of J ;h em W ' SCOtt NA ' KiP9 SB ' Doucette JW ' Heuser Ofili E, Siegel R- Alterations 

HeU "92"2(4)?2 a 3-28 T ' StmmPf Angiosa W ln c ° r ° nar y Interventions. Cardiology Intervention 

and Cardiovascular Diagnosis 1992 Sept;27(l):66-74. «-eanerenzanon 
Diethrich EB, Santiago O Gustafson G, Heuser RR: Preliminary observations on the use of 
Feb;?2^):49 e ^5 n 01 he ***** ^ ^^^£l™?l993 

HeU InTe^ntio a n?iU n 3;2%:;r ^ Catheterization and Cardiovascular 

Eagan JT, Strumpf RK, Heuser RR: New treatment approach for chronic total occlusions nf 
^^S&J^^^T^ — • Cat^Sn an2 S 

Hardi9an kr: intraiuminai 

" em ::™^g™£ 9an n ' Hardi9an KR: four types of coronary stents. 

Heuser RR: The use of a new wire in a 6-year-old coronary artery occlusion- The lanwirpTM 
realization guidewire. Catheterization and Cardiovascular Dia^no^ 

HeU ?o e ^rL? 0 T Pf RK ' H f rdiQan K: Use 0f the D °PP |er fluwewlre for intraluminal diagnosis 
to facilitate coronary intervention. American Heart Journal 1993 July; I26(l):2i3-2l| 

Str Tv P a i^ K ;inn eU f Se r RR ' Ea " n Jr JT: An 9 i0SC °Py= A valuable tool in the deployment and 
evaluation of intracoronary stents. American Heart Journal 1993 Nov; 126(^-120^1210. 

HeU !993 R ;2; l C l U 3. rent **** ° f Pr0miS6S and di ^PPOintments. Critical Issues 
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Ang.oscopy as a clinical tool. Circulation 1996 Jan;93(2):253-258. Se PTCA r,sk - 

^f^T^X S^^&S^S' Colombo R A C B D ' „ , 
Moses J, Hlrshfeld ), Bailey S, Ellis S,' Rak e R, Goldberg S ?Se strIss Tr*,' ?""*?\ 

"'TZ K eJ 0 ^s^lT n (COmment ^»- Catheterization and Cardiovascuiar 
"'"llllZltT^tlfo ( <—°<y). Catheterization and Cardiovascular 

nves igators: Bleeding complications with the chimeric antibody toplate « g^otein 
^TulZVsX^ 90 ^ P6rCUtane0US arXioT 1995 ; 
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Heuser RR 



ser RR: Treatment alternatives for chronically occluded saphenous vein grafts The Journal 
of Invasive Cardiology 1995 May;7(4): 94-96. grarcs. ine Journal 

Kussmaul III WG, Buchbinder M, Whitlow^ PL, Aker UT Heuser RR Kinn c;r *o„f ™ . 

hemostatic dev.ce. The Journal of the American College of Cardiology 1995 June; 25(7): 1685- 

WongSC, Bairn DS, Schatz RA, Teirstein PS, King SB 3rd, Curry RC Jr Heuser RR Eiik c;r 
Cleman MW, Overlie P, etal. Immediate results and ate outcomes afte ^stent fmlnition 
in saphenous vs lesions: the multicenter US Palmaz-Schatz stent exoer ence VZ oTJiZ 
Schatz Study Group. Journal of the American College of Cacology T995 le^6(3) :™" 

Card H e iclVc R a ' ? trUmpf RK ' H6 " Ser RR: Rotati °^' artherectomy in restenotic lesions at the 
t^^^^^^^ Catheteri -tion and Cardiovascular ^Interventions 

Cohen DJ, Krumholz HM, Williams C, Bairn DS, Brinker J, Cabin HS, Heuser RR Leon MB Moses 

sterSnTo ^1.™™ ^ hos e ital and ° n ^ ear economic outcomes aft^ coronary 
stenting or balloon ang.oplasty. Results from a randomized clinical trial The Stent 
Restenosis Study Investigators. Circulation 1995 Nov. ;1;92(9): 2480-2487 

"'IIS^™^^ PusherP (commentary). Catheterization and Cardiovascular 

He Tom R mpnr^ na r Z S i T 7 ° CdUded SVGs: Is there H 9 nt at the end of the graft? 

(commentary). Catheterization and Cardiovascular Diagnosis 1995 Dec; 36(4): 333-334. 



HeU ?™ Rl ? erc " ta " e ° us revascularization using endoluminal prostheses: Coming of aqe 
(commentary). Catheterization and Cardiovascular Diagnosis 1996 Feb;37(2)"2i3-2?4. 

Kussmaul WG Buchbinder M, Whitlow PL, Aker UT, Heuser RR, King SB, Kent KM Leon MB 
rAnoSSS nd2a JG: Fem ° ral artery hemos ^ "sing an implanS device ' 
$Wxl™s mmry angi ° PlaSty - Cathe terization and Cardiovascular Diagnosis 1996 

Heuser RR: Stents in jackets: The latest in endovascular haute couture. Catheterization and 
Cardiovascular Diagnosis 1996 Jun;3.8(2):179. <~acneterization and 

" eU lZ rL MH ° mema l e " Stents: Penn y- Wis e or pound-foolish? (commentary) Catheterization 
and Cardiovascular Diagnosis 1996 Oct;39(2):197. v-aineienzacion 

and Cardiovascular Diagnosis 1996 Oct;39(2):143-i48 catheterization 

Heuser RR: The Multi-Link stent: Another good idea, (commentary CathetPri^H™ a „n 
Cardiovascular Diagnosis 1996 Dec; 3.9(4) :420 ^ ommentar V) Catheter.zat.on and 

Kussmaul WG, Sandza JG, Kolansky DM, Leon MB, Kent KM, King SB, Heuser RR Aker UT 
Whitlow PL Buchbinder M: Femoral artery hemostasis using an mplantabfe device 

^2 3 ^ COr ° nary an9i0p,aSty - Catheterization a'nd Cardiovascu^flnterventions 
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He Tu r rger; "l£ Z^wTuT* fcr P ° St - CABG A ™ ™orac 

*^S^^7iw!!SSr- <COmmenta ^ Catheterization and Cardiovascular 

Krumholz HM, Cohen DJ, Williams C, Bairn DS Brinks i r=,hi„ uc u- 

Leon MB, Moses J, Savage MP cleman M- h3E J ' Heuse, - RR . Hirschfeld J, 

angioplasty: Results from & s£EwJLS^|ffi ^7 0r . ba "? n 
Journal 1997 Sept;134(3):337-44. enosls Mua y (STRESS). The American Heart 

He T997" R i?4 FreUd ' 3n S ' ent? (COmmenter » Cauterization and Cardiovascular Interventions 

s ^s^^&£$h ss^k Ba,,ey t sR ' over,ie pa ' 

^^^^^ «»— nfCSTrS: K^laSf of 
"TS^'SM Ss^^^jr"""'™ traatmentS aCUte ^ccardla, 

H ^?i8°SESS)SS'.' V an9i09raphy: Indicatlons - safe «V, and complication rates. 
"^^^V^^ 00 ™^) Catheterization and Cardiovascular 

HeU fn" "enttonf^s^Sr^" (COm ™ ter V> Catheterization and Card,ovascu,ar 

lHSs°~ 

^l^^&IgS^^ Adjunctive Treatments «~"" 

aaassr of A9e - (comment -> 

^^^^^^•• '^•^^^ Catheterization and Cardiovascular 

Heuser RR, Lopez A: Abdominal Aorta Aneurysm and ELG- A Rpv.pw nf * T r«f m - • T . 
infancy. Journal of Interventional Cardiology 1998 December (n);6:591 60T * 
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Cardiovascular Interventions 1999 Jan;46(l) U3 -1 11 S " ed - Cauterization and 
HeU r999 R Apr!46(4?450 P 45 C i e : ** R ' 9htT ' me ' Catheteriza «°n and Cardiovascular Interventions 

HeU 43-S8 R: 9r °™ in9 r °' e ° f Sten ' S COronarl ' arter V dl «ase. Patient Care May 1999: 

dose recombinant Urokinase for the reatment of £ l i P J: Lo V versus hl 9 h " 
The American Journal of Cardloiogy l 9 99™l tsl^nvgZSF" ^ ° CC ' US " >n - 

H ^^S^„w%)^ fcn,< ~ ,t (COmment ^'- Catheterization and Cardiovascular 
HeU r9;9 R Au g ^7?4 9 )"95. and ^l^- Cauterization and Cardiovascular mten.entions 
He T999 RR eptT48a)rn3 nte,Ventl0nS - Caiheteri2ati °" «* Cardiovascular Interventions 
C °*t^^ZZ^ : ^;^ ™ ™ The ;ourna, 

""SXvascrS^s »" °»*< Catheterization and 

^le^C^Se^rde^V^rAC turSTpT' T" *' SCh ° naW 

laser revascularization for severe angina Mne PA^nc raS^" S f ra ^ m , V ° C!,rdl " 1 
November 28, 2000;170S-1710 PACIFIC randomized tnal. The Lancet (356) 

"Tffi£KS&W^.!?¥* Batta »' ia SL ' Tarkl "= to " L, Simon AW: A 

^^IS^^Z^^^ 0 ^ and Ba„oon Angiopiasty; 

He Te;, RR Co~ P lwSn%r^ 
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Catheter.zat.on and Cardiovascular Interventions 52:269 277 looT 

Cordero H, Warburton KD, Underwood PL, Heuser RR- Tnit-iai ■ 

Treatment of Chronic Total Occlus^ vlffh p?k ? a i Experience and Safety in the 
Coherent Reflectometry r^SS^^^?^ C Tech ^og T . Optical 

54(2): 180-187. ^tnetenzation and Cardiovascular Interventions Oct 2001; 

^Kta^^^^^S,^- Catheterization and 

*"*» C °"*9* <* Cardiology; f^Br^^fSSi^^S^. " *« 

""^SZ^XSZ^^^ <— -V) Catheterization and 

El " s SSnTSi™* ^&TS&2M- Rod h rl9u » e D 2 AR - Sanbom ™< ««"«-"•. 

Heuser RR, Smal ing RW Kunte RE ? G er ^L r rU 4 ber PP ' Plchard A ' Cohen 01 ■ Ram ^ SR, 
the Duett - ^ascularCmosfcs* Devta ^1 r^Z^'s*?? S ? f ? V and EffiMC V ° f 
Journal April 2002; 143(4):612-9. Trial ' Ameri ran Heart 

^»^^'s^r C, ' 0n DeVlC6S - 3 ° Umal ° f '""-a, 

Ph ' liP Du*inr"apnen M ou D s' V ^ d ^ As *« te " t0 ^ Events 

2002; 15:49! 498 I^^ntion. Journal of Interventional Cardiology; Decembe? 

B-Radiation Versus Placebo Control \U T^lTfPS*' Ran domized Trial of 90 SR/90 Y 
2002; 106:1090-1096 ^ CeD ° C ° ntro1 for T reatm ent of In-Stent Restenosis. Circulation; August 

EDITED TEXTBOOKS; 

Heuser RR: Perioral Vascular Sterner the Cardiologist, Martin Dunitz, Ltd Publishing, !999 
Heuser RR, Henry M: Peroral Vascular mtervenmns, Martin Dunltz, Ltd Publishing; March 2002 
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TEXTBOOK CHAPTERS' 

^^rnT^ SSS'W^ my ° Cardia ' 

Springer Verlag, 1991:99-114 ' ' Schumtlzer H ' eds. New York, 

Murphy-Chutorian D, Knopf W, Moses J Heuser rr- cai*,**,* ~i- • . 

laser angioplasty system / In: WmerT^noto^ 2^ ^J^V^^ 
H,eds. Futura Publishing Co., 1991:309-324 Ginsburg R, Geschwind 

Heuser RR, Schatz R, Kimura T: Tortuous Circumflpy Tn- r„„ n (,r,,, • 

CWWw. Saflan RD, Freed H, .d^n"^, & Sf,~ 7 

Heuser RR, Schatz R, Nobuyoshi M: Stent: Fillina Defect.; Tn- rm,,/,^)/ • 

Cardiology. Safian RD, Freed M eds Rirm „„„»™ 2 • ? Ca//s /n Interv entional 
yr oanan rreea m, eds. Birmingham, MI, Physician's Press, 1997:599-600 

"^r^onS'rn.K 5 ' T ' T Preb / 1 B ' R6id DB: Com P^erized three-dimensional intravascular 

ed SSS ?i" J!' Co r a 7 SfenOS/sWor ^ o/0 ^-- ^^/san^/^SrKfeinLW 
ed. Chicago, IL, Kluwer Academic Publishers, 1997; 103-120. 

^X^Dun^^^f 0 "- " eriPheral Va ™>"Xent,n g for Cardiologists 

Woodfield SL Heuser RR: Angiographic anatomy of the peripheral vasculature and the 

noninvasive assessment of peripheral vascular disease. In: Periph!rTvas^ * r 
Cardiologists Martin Dunitz Ltd. 1999:5-16. renpnerai vascular Stentmg for 

Heuser, RR, Gupta N, Lopez AN: AVE Stents. In: Strategic Approaches in Coronary 
Interventions, Second Edition, Lippincott Williams & WMkins Publishers, 2000 
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Publishing Company; In press ' ' dman T ' Armonk ' New Y ° r *. Futura 

Tb MrSST* ^ ^ <* ■«* °«* M~y. Martin D un,t 2 Ltd. 

" eU Z^r^Z7^Z^. ^ Per ' Ph ™' Diseases, In: Tex,boo k of 

"'^r^^X^^ 1 ~z nte ^ f ,o, ,„: Textboo* of 
C °««S^*»; S - P-ica, Interna, 
Wh,t ^^^n-^ In: Fift y 

ABSTRACTS' 

September 1980. resented at XI InterAmencan Congress of Cardiology; 

MM^^MhrM, Acute effects of protamine of cardiac function. Circulation 1980; 
'^ZSttSZ SaS?" ^"'^ <" ~* Gnosis: -A Nectssary Evil", clinica, 

"sSSSSSSMsasa 

""XKS&SS^^ lnfarctl0 " — «— ««h minor 

64(4):IV-85. wornianties. Value of admission scintigraphy. Circulation 1981; 

He Tpf^^ 

of Phys.aans, Albuquerque, New Mexico; December 1984. American College 

""Et^M COr °A ary an9iOP,aSty ^ Pati6ntS With 

mitral valve integrl y ? Presented 7th?Am S , t nonsur 9 ical treatment to preserve 
November 1985 Kresented at tn e American Heart Association Meeting, Washington, DC; 
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Washington, DC; September 1986. "esen^ at the World Congress of Cardiology, 

Presented a t the Wor,d Congress of CaSgS^ 

failure. Presented at Ai?5?rSns S^T"* With C ° ngeStiUe heart 
December 1989 fnysicians Meeting, Albuquerque, New Mexico; 

"WMMKHanMfr 

Blake K, Goss JE, Ramo BW, Raff GL, Maddoux GL Heuser rr e ha ,i„ff m . 

Adenosine for acute treatment of SVT ° Resent" I atth ^mf ri«S r?.i Leath * rman GR 
Meeting, Albuquerque, New Mexico.; December 1989 ° of Ph V slcians 

""ST ' S2££ TvZ^Z^T* a ° rt ' C Sten ° 5iS: APP " ratto " ° f ^"dovascular 
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of Chest Physicians, Arizona Chapter, Tucson, Arizona; September 1991. 

Morton JK, Segal J, Ofili E, Heuser RR, Scott N, Aguirre F, St. Vrain J Labovitz A FLOMAP c hlHu 
Group, SLU: A new method for quantitating coronary' collateral fiow in ^pLtients during 
coronary angioplasty using the Doppler guidewire. (poster) Presented at he American 
Heart Associate Meeting, Anaheim, California; November 1991. American 

Heuser RR: Use of Holmium: YAG laseHn coronary disease. Presented at the International 
Society for Optical Engineering - Biomedical Optics 1991. Los Angeles, SSlirSaT Sry 

Heuser RR, Strumpf RK, Walker CM, Cleman MW, Schatz RA: Coronary stentinq in unstable 
^rZw^wT ^ an9ina - J0Umal ° f ^erican"^.:^ of'' 6 

Whitlow PL, Gaspare I P, Kent KM, Bairn OS, Chapman JB, Heuser RR, Knopf WK: Improvement of 
coronary dissection with a removableflow support catheter: Acute results The JoumaTof the 
American College of Cardiology 1992; 19:217A Journal or tne 
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DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20. LINE 10 - PAGE 21. LINE 1 5 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhances), promoters), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminal^, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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DEFINITIONS 



PAGE 20. LINE 10 - PAGE 21. LINE I S 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

MEDLINE PLUS: MERRIAM-WEBSTER MEDICAL DICTIONARY 

A SERVICE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 

NATIONAL INSTITUTES OF HEALTH 

Growth factor: a substance (as a vitamin Bi 2 or an interleukin) 
that promotes growth and especially cellular growth 
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CLAIMS 



Claim X: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of a 
human patient and growing new muscle in said heart. 
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Clinical investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Bodo E^Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kosterine MD- 
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler! PhD; Peter Weme? MD 
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"O cmodeling of the left ventricle after myocardial infarc- 
AVtion (MI) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chrome transformation of both the necrotic infarct region and 
the non-necrotic, peri-infarct tissue. 1 ' Despite application of 
pharmacotherapeutics and mechanical interventions the car- 
d.omyocytes lost during MI cannot be regenerated The 
recent finding that a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 1 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions."-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow-derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation.*- '•> Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in turn to amelioration of cardiac 
function in mice and pigs. ' '-■« However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward." Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients. However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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figure 1. Procedure of cell transplantation into 
^ tnfarcted myocardium in humans, a, The bal- 
loon catheter enters the Infarct-related artery 
and is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is Infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the infarcted zone via the infarct- 
re ated vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone » 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n-3), or right coronary artery (n=13). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n-20) and subsequent stent implantation (n=19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 1 0 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Hemrich-Heine-University, Dusseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid, 
an ACE inhibitor, a j3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(-40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n = 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lysed with H,0. For overnight 



cultivate, 1X10* BMCs/mL were placed in Teflon bags (Vuelife 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat- inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3 /o. Hepatization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 1 0 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control 1XJ0 3 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure I). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct- vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X10 6 mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed." 1 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used. 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography 
radionuclide ventriculography, catheterization of the right heart, and 
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Clinical Data 
Characteristics 

No. of patients 

Age, y 

Sex 

Onset of infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with UD/LCX/RCA as the affected vessel 
No. of patients with stent implantation 
Laboratory parameters 
Creatinine kinase, U/L 
Creatinine kinase-MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow cells, n (xio 7 ) 



Cell 
Therapy 


Standard 
Therapy 


P 


10 


10 




49*10 


50±6 


NS 


Male 


Male 




10±8 


13*11 


NS 


17 ±0.9 


2.1*0.7 


NS 


4/1/5 


0/2/8 




9 


10 




1138*1170 


1308*1187 


NS 


106*72 


124*92 


NS 


7*2 






2.8*2.2 







Values are mean*SD or number of patients. 
NS indicates not significant; LAD, left anterior descending coronary artery; LCX left circumflex 
coronary artery; and RCA, right coronary artery. circumflex 



stress-redistnbution-reinjection "'thallium scintigraphy. The con- 
tractihty index P^/ESV was calculated by dividing LV systolic 
pressure (P iyil ) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bull's-eye technique. Each examination 
was performed according to standard, protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0.05. Discrete variables were compared as 
rates, and comparisons were made by analysis. Intra-individual 
companion of baseline versus follow-up continuous variables was 
performed with a paired t test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Whitney test. Statistical analysis was performed with SPSS 
for Windows (version I O.I). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table !). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30- 13 to 12±7%, P=0.005). h was also 
significantly smaller compared with the standard therapy 
group after 3 months (P=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 ±8 
to 20± 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0±1.1 to 4.0±2.6 cm/s, P=0.028) but not in the 
standard therapy group (from 1.8*1.3 to 2.311.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificant^ (from 57±8 to 62±10% in the cell therapy 
group and from 60±7 to 64 ±7% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174-99 to 128±7I cm 2 , />=0.0I6, assessed by 
; thal,,um scintigraphy) (Figure 2). Parallel to the reduction 
m perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49 ±7 to 56±7 mL/m 1 , />=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13% 
/>=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from 158±20 to 143±30 mL, />=NS) 
and end-systolic volume (from 82±26 to 67±2I mL, 
P=0.01 1). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4.2 to 
24.4±7.7 mm/s, />=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 ±1.44 to 2.27±1.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarcted 
tissue when applied during the immediate postinfarction 
period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 

1 MCI u|Jj 


Standard 
Therapy 


P 


No. of patients 


i ft 






Infarct region as functional defect 






NS 


Hypokinetic, akinetic, or dyskinetic region at 0 mo, % 


30±1 3 


Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 




cU — I f 


0.04 


P 


0.005 


viO 




Contractility indices 






NS 


Infarction wall movement velocity at 0 mo, cm/s 


2.0±1.1 


1.8±1.3 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2.3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 






NS 


LV ejection fraction at 0 mo, % 


57±8 


60±7 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS indicates noi signmcaru; u i»u, «iu <im>u», — - 

months, which means the time of the follow-up examinations. Ali data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow-derived 
cells in experimental infarction."-'^ 18 - 20 " 23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 *' 2 - 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease.' 5 - 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 




realizing this trial were: (I) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifTerentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 



Fiaure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantatton subse- 
quent to an acute anterior wall Infection -detected by gallium 
scintigraphy. The images on the left (A, D, sagittal^ anc hn the 
middle (B, E) show the long axis, whereas those on the right (C, 
F frontal) show the short axis of the heart. Initially the antenor 
wall with green-colored apical and anterior regions, had 

iwcarfial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color 
revealed a significant improvement In myocard.al perfusion (D, 
E, F). All illustrations depict the exercise phase. 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 






NS 


LV ejection fraction, % 


51 ±14 


53±13 


Stroke volume index, mL/m 2 


49±7 


56±7 


0,010 


Cardiac geometry 






NS 


LV end-diastolic volume, mL 


158+20 


143±30 


LV end-systolic volume, mL 


82 ±26 


67 ±21 


0.011 


Contractility indices 






NS 


Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


mm/s 








P^t/ESV, mm Hg/mL 


1.81 ±1.44 


2.27±1.72 


0.005 


Infarct region as perfusion defect 






0.016 


20, Thailium scintigraphy, cm 2 


174±99 


128±71 



NS indicates not significant. 
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and smooth muscle cells"-"; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 28 ; 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes.^ Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a normal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of ^200 g) will flow per 
minute.*'." This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). 11 Therefore, 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone. 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection," because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor ceils, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection « To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(1) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed." Thus, 
with such timing, cells may be able to reach the worst 



damaged pans and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immediately, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion. ™ Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MT, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues. 37 - 4 " Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MT, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after ML We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of M7, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However! 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P Jys /ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI, it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 4 ' None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
12±10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data. 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. Hie 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute Ml 
in humans. 
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SUPPLEMENTAL DECLARATION OF RICHARD HEUSER, M.D. 

I, Richard Heuser, declare as follows: 

1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 

2. This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 5, 2003, and makes no 
changes to such previous Declaration. 

3. My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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5. I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 

6. I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

7. Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 

8. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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9. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 



Further Declarant sayeth not. 




3 



SUPPLEMENTAL EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20. LINE 10 - PAGE 21. LINE 1 5 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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236. 



SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 



238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 



239. 



The method of claim 236, further comprising repairing a damaged portion of said 
heart. 



240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

24 1 . The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

25 1 . The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 25 1 , wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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Serial No.: 09/836,750 
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For: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



Group Art Unit: 1646 
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LETTER 



Mail Stop Non-Fee Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Letter is submitted in an attempt to advance the prosecution of the instant patent 
application. 

In related patent application Serial No. 09/794,456, that is currently being examined by 
the Examiner in charge of this application, Second Supplemental Declarations of Drs. Richard 
Heuser and Andrew E. Lorincz were prepared and will be filed in the near future. Accordingly, 
Applicant wishes to file Second Supplemental Declarations in this application as well. 

Should the Examiner have any questions or require additional information or discussion 
to place the application in condition for allowance, a phone call to the undersigned attorney 
would be appreciated. 



Respectfully submitted, 



Date: July 26. 2004 



GERALD K. WHTIE & ASSOCIATES, P.C. 
20S W. Randolph Street, Suite 835 
Chicago, IL 60606 
Phone: (312)920-0588 
Fax: (312)920-0580 
Email: llkuinilkmfiaol.ciini 



Gerald K. White 
Reg. No. 26,611 
Attorney for Applicant 
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Docket No. 1000-10-COI 
SECOND SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17, 2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M P.. F.A.C.C.. F A C P 



I, Richard Heuser, declare as follows: 



1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 8501 3. 



2. This Second Supplemental Declaration is submitted in addition to my previous 

Declaration, dated June 5, 2003 and my Supplemental Declaration dated February 4, 
2004. No changes are made to either of such previous Declarations. 



3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003. 



4. It is my understanding that the Examiner in charge of the above- identified patent 
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application, in an Office Action dated June 1, 2004 for related patent application Serial 
No. 09/794,456, questioned my qualification, for the first time, to render my previous 
opinions mentioned in above Paragraph 2. It is my further understanding that the basis 
for such questioning was that the Examiner noted that I did not report experience with 
cellular therapy. I desire to provide the information contained in following paragraph 5 
so that the Examiner can consider such information in this application, as well. 



I am currently Director of Cardiovascular Research at St. Joseph's Hospital and Medicine 
Center, and I serve as Clinical Professor of Medicine at University of Arizona College of 
Medicine. Over the past six years, I have worked in gene therapy, as well as muscle 
regeneration for the treatment of cardiomyopathy. 

In my CV, you will note reference to work that was done with Sulzer Medical involving a 
rabbit hind limb model to stimulate peripheral vascular disease. I injected a growth 
mixture that included FGF, etc. into the hind limb model. 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter," I developed a technique to 
deliver radiofrequency (PMR). In the full embodiment of the patent, I discuss delivery of 
protein and/or muscle cells in the myocardium using the inventive technique. 

I have been involved as a member of the scientific advisory board with the world leader 
in cardiomyocyte regeneration, Bioheart, Miami Lakes, Florida. This company has been 
involved with laboratory and clinical trials using skeletal muscle cultured and modified. 
The sample is then delivered into the myocardium via a surgical or catheter approach. 



I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 17; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as I read and understood in my previous Declaration and 
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Supplemental Declaration. A copy of such disclosures is attached hereto as Second 
Supplemental Declaration Exhibit A. 



7. I note that the disclosures referenced in above Paragraph 6 relate to using a growth factor 
for promoting the growth of soft tissue and, more specifically, to a method which may 
use such growth factors for growing a new portion of a human heart by growing new 
cardiac muscle in the heart. 



I have read and understood the claims set forth in Second Supplemental Declaration 
Exhibit B and have been informed that such claims are currently presented in this 
application. 



Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in such paragraphs, would be enabled to practice the method 
set forth in Second Supplemental Declaration Exhibit B and to predictably anticipate the 
results defined therein without need for resorting to undue experimentation. 



I believe that one skilled in the medical arts, upon reading the disclosures in above , such 
as multifactorial and non-specific cells.Paragraph 6, would understand that cellular 
growth factors are included in such disclosures. Moreover, such skilled person would 
understand the disclosure on page 45 to be authored as an illustration of various modes of 
delivery of growth factors, whether they are genes or other genetic material; and that such 
skilled person would further understand that the disclosures on pages 45 and 46 describe 
genetic material to include appropriate cells and genes. 
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11. 



Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 



true. 



Further Declarant sayeth not. 



Date: 
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SECOND 
DECLARATION . 
EXHIBIT A ' 



BTSGLOSIJRES 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINE IS 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
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heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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DECLARATION 
■ ■ EXHIBIT B ' 



CLAIMS 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 

CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251. The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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